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C H A P T E R 1 
INTRODUCTION 
1.1 SYNTHESIS AND PROPERTIES OF STRAINED POLYCLYCLIC 
CAGE COMPOUNDS 
The past t h ree decades c o n s i d e r a b l e a t t e n t i o n has 
been devoted to the s tudy of s t r a i n e d p o l y c y c l i c cage 
systems. In view o f t h e i r s p e c i a l s t r u c t u r a l f e a t u r e s , i n 
p a r t i c u l a r the l a r g e de fo rma t i on o f the i d e a l ca rbon-ca rbon 
a n g l e , the i n h e r e n t r i n g s t r a i n , and t h e i r novel and o f t e n 
appea l i ng a r c h i t e c t u r e , these compounds form a s y n t h e t i c 
cha l l enge f o r many chem is t s . Severa l s t r a i n e d cage- type 
p o l y c y c l e s , o f t e n b e a r i n g i m a g i n a t i v e names, such as 
cubane 1, basketane 2 , cuneane 3 and snoutane 4 have been 
syn thes i zed and t h e i r chemical p r o p e r t i e s i n v e s t i g a t e d . 
f i gure 1.1 
è β ò 
i 2 3 i 
The f i r s t r e p r e s e n t a t i v e of t h i s c l ass o f s t r a i n e d 
cage molecules was p repared as e a r l y as 1946 by P r i n s 1 , 
a l t hough the t r u e s t r u c t u r e of the p roduc t o b t a i n e d f rom 
the r e a c t i o n of 1,1,2 , 3 , 3 , 4 , 5 , 5 - o c t a c h l o r o - 1 - p e n t e n e w i t h 
A1C13 was es t a b i i s h e d ten years l a t e r 2 . In 1953 We l t ne r 1 
performed c a l c u l a t i o n s on t h e , a t t h a t t i m e , h y p o t h e t i c a l 
cube-shaped hydrocarbon C f tHn. As cubane 1 w i l l be 80 k c a l / 
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mole less stable than its isomer cyclooctatetraene, he 
concluded that cubane may not be capable of synthesis. 
The first claim of a synthesis of a cubane derivative by 
dimerization of tetraphenylcyclobutadiene" was proved to 
be wrong by means of an X-ray diffraction a n a l y s i s 5 . In 
the beginning sixties some fourty research groups were 
interested in synthesizing cubane and related strained 
molecules 6. 
A finding of great importance in this area is the 
use of the intramolecular photochemical [2+2] cycloaddition 
for the preparation of cage compounds. This was first 
reported by Christol and Snell for the synthesis of the 
quadricyclane skeleton from norbornadiene dicarboxylic 
acid. A landmark in this field is the successful synthesis 
of cubane by Eaton and Cole ; the essential feature is 
again the cage forming [2+2] photocyclization. At present 
almost all synthetic designs of cage compounds involve 
such a [2+2] cycloaddition. 
In general, the following three principal steps can 
be recognized in the synthesis of a strained cage molecule: 
i. the preparation of the precursor for the photo­
chemical [2 + 2] cycloadditi on. Such a compound 
must possess two olefim'c bonds in sufficient 
close proximity; 
гг. the intramolecularphotocyc1 i za ti on to a cage ske­
leton; 
ггг. modification of the cage system by ring expansion, 
ring contraction or functional group transforma­
tions . 
This sequence of events is nicely illustrated in the synthe­
sis of cubane carboxylic acid J^ as described by Eaton and 
C o l e 8 and modified by Chapman et af3. 
- г -
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scheme 1 . 1 c o n t i nued 
H,S0 2 ο υ / , . 
COOH 
ZS-Z.aq.KOH 
The first step is in essence the Diels-Alder dimerization 
of a substituted cyclopentadiene to give the dibromomethano-
indenone derivative K}.· I n this molecule, which has the 
eudú structure, the two double bonds are in the required 
close proximity. Irradiation of compound J^ leads to the 
1,3-bi shomocubane _1_1. The bromine atoms present in this 
compound enable the two cage contractions through a 
Favorski i - type rearrangement (strictly speaking a semi-
benzilic acid rearrangement). It should be noted that this 
synthesis starts with the inexpensive cyclopentanone in 
which the bromine atoms are introduced in a straightforward 
manner. 
Following the concept outlined above a variety of 
strained polycyclic cage compounds has been synthesi-
zed 6 , 1 о з , b 
In the department of organic chemistry of the Nijmegen 
university research in the field of strained polycyclic 
systems started around 1970. Most of the efforts were 
focussed on the synthesis and chemical properties of 
cubane, homocubane, 1, 3-bishomocubane , basketane and 
homocuneane derivatives 1 0. In particular the base catalyzed 
regio- and stereospecific homoketoni zation reaction of 
some cage alcohols and acetates was investigated. In 
scheme 1.2 some of these cage opening reactions are 
s ummari zed. 
-4-
homoketonization reactions: general principle 
\ü 
/ V, (On 
МаОСНз,5тіп 
СНзОН.О-С 
strain energy 165 kcal/mole11-12 
decomposition 
NaOCH3,1h 
S X / СНз00,г0оС 
strain energy 120 kcal /mole 11,12 
Na OCH з, 16 h ^ 
СНэОО, Δ 
ó A-V0"3 
20 21 
stram energy 80 kcal /mole13 
НаОСНз.Ьтіп 
у CHjOO.ZO'C Η 
0 Ac 0 
22 23 
strain energy 115 kcal/mole11'12 
- 5 -
scheme 1.2 c o n t i n u e d 
CH3 
NaOCHi 
MeOH, 1 0 0 4 
no reaction 
strain energy 120 kcal / mole1 1 ·1 2 
The observed r e a c t i v i t y o f the s t r a i n e d p o l y c y c l e s 
17, 18 and ^ 0 , grosso modo p a r a l l e l s the t o t a l cage s t r a i n 
energy ,i.e. the h i g h e r the s t r a i n , the f a s t e r the 
h o m o k e t o m ' z a t i on r e a c t i o n I n t e r e s t i n g l y , however, the 
t o t a l s t r a i n energy o f the cage compound i s n o t the o n l y 
d e t e r m i n i n g f a c t o r i n t h i s cage opening p r o c e s s . This i s 
i l l u s t r a t e d by the r e s u l t s o b t a i n e d on t r e a t i n g the baske-
tane d e r i v a t i v e 22 and the homocubane system 2Л w i t h NaOCH,. 
The f o r m e r system r e a c t s very r a p i d l y t o g i v e the h a l f cage 
ketone 2Ъ, whereas the h i g h e r s t r a i n e d homocubane d e r i v a t i v e 
i s s t a b l e towards m e t h o x i d e , even under f o r c i n g c o n d i t i o n s . 
A n o t h e r example is the s t r i k i n g d i f f e r e n c e i n r e a c t i v i t y o f 
the two homocubanes J_8 and 2Л, which have about the same 
t o t a l s t r a i n e n e r g y . 
In g e n e r a l , the r e a c t i v i t y of a g i v e n cage compound a l s o 
depends s t r o n g l y on the s t r a i n f e a t u r e s as e x p e r i e n c e d at 
the s i t e o f r e a c t i o n . For i n s t a n c e , the presence of an 
e x t r a methylene u n i t i n 2 ^ , as compared w i t h 2_4, causes 
the c a r b o n - c a r b o n bonds around C(5) i n ^ 0 t o be r e l a t i v e l y 
more s t r a i n e d than the c o r r e s p o n d i n g c a r b o n - c a r b o n bends 
around C ( l ) i n homocubanol 2Л. Th is a p p a r e n t l y r e s u l t s i n 
an i n c r e a s e d base l a b i l i t y o f ^ 0 . S i m i l a r l y , the observed 
d i f f e r e n c e i n r e a c t i v i t y of 18 and 22 i s p r o b a b l y due t o an 
* S 1 i g h 1 1 y d i f f e r e n t v a l u e s w e r e o b t a i n e d by u s i n g a r e c e n t 
p r o g r a m o f MM2 c a l c u l u s . 
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outbending effect of the ethylene bridge in ^ 2 , which in­
creases the constraint around the C(4) and C(5) carbon 
atoms in the b a s k e t a n e relative to the h o m o c u b a n e system. 
1.2 OBJECTIVES Ol THIS STL'OY 
In order to gain more insight in the relationship 
between reactivity and strain features (total and local 
strain e f f e c t s ) of polycyclic cage s t r u c t u r e s , we searched 
for cage compounds with the general s t r u c t u r e ^ 5 . By 
varying the position of the subs ti tuent and the number of 
atoms m and η in the bridges the effect of outbending and/ 
or compression on the reactivity can be e v a l u a t e d . 
In our synthetic design we decided to rely on the 
three principal steps for the synthesis of strained poly-
cycles as indicated in section 1.1.The r e t r o s y n t h e t i с analysis 
is presented in scheme 1.3. The С -bridge can be obtained 
scheme 1.3 
26 27 
0. .0 
9 
f rom the α-bromo Ketone moiety i n 2_6 by e i t h e r cage con­
t r a c t i o n or cage e x p a n s i o n r e a c t i o n s . These compounds 26 
are t h o u g h t t o be a c c e s s i b l e via a c a g e - f o r m i n g [ 2 + 2] 
p h o t o c y c l oaddi t i on r e a c t i o n of 2_7. This cage p r e c u r s o r 2 7 , 
i n t u r n , may be o b t a i n e d from the d i h y d r o i n d e n o n e d e r i v a ­
t i v e 2J3 by u s i n g the c y c l o h e x a d i ene u n i t t o i n t r o d u c e the 
b r i d g e С , f o r example by means o f a D i e l s - A l d e r r e a c t i o n 
m 
with appropriate dienophiles. The parent dihydroindenone 
acetal (X=H) has been obtained via a thermal Cope réarrangè-
rent (see section 2.1) of 29. (X=H) by Vogel and Wyes'"during 
their attempts to prepare cyclopentadienone ethylene acetal. 
Some substituted dihydroindenones have been known since the 
beginning of this century, however, due to their instability 
their synthesis was troublesome. The required careful con-
trol of reaction conditions for handling these compounds 
could not be realized in that period. Modern synthetic 
procedures, in particular, the use of flash vacuum thermo-
lysis, has opened better prospects for the accessibility 
of dihydroindenones utilizing the thermal Cope rearrangement. 
In the sequence of reactions shown in scheme 1.3 the boxed 
dihydroindenone derivatives 28 are considered as key inter-
medi ates. 
The precursors for the Cope rearrangement are the func-
tionalized methanoindenones ^ 9 . They were thought to be 
preparable via a route resembling the one depicted in scheme 
1.1 using cyclopentanone as the cheap starting material. 
Sofar, only little attention has been given to the 
chemical properties of dihydroindenone acetáis 28. There-
fore, we decided to extend our synthetic exploration of 
these compounds in a broader context. 
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1.3 OUTLT'IE GÌ IH IS J HF SIS 
In the i n t r o d u c t o r y c h a p t e r 1 the aims of the inves-
t i g a t i o n are d e s c r i b e d . C h a p t e r 2 deals with the p r e p a -
ration of f u n c t i o n a l ι zed d i h y d r o i n d e n o n e s 33 оъа Cope 
r e a r r a n g e m e n t of m e t h a n o l n d e n o n e s Д 2 ( s c h e m e 1.4) T h e s e 
thermal r e a r r a n g e m e n t s are p e r f o r m e d using the t e c h n i q u e 
of flash v a c u u m t h e r m o l y s i s . T h e p r o p e r f u n c t i o n a l ι z a t i o n 
of ΎΙ has been a c c o m p l i s h e d t h r o u g h a s e l e c t i v e h a l o g e n -
metal e x c h a n g e r e a c t i o n f o l l o w e d by a t r e a t m e n t w i t h 
s u i t a b l e e l e e t r o p h i 1 1 с r e a g e n t s E and s e l e c t i v e h y d r o l y ­
s i s . 
Some m e c h a n i s t i c a s p e c t s of the C o p e r e a r r a n g e m e n t are 
a l s o d i s c u s s e d . 
In the a p p e n d i x to this c h a p t e r d e t a i l s of the flash 
v a c u u m t h e r m o l y s i s a r e d e s c r i b e d . 
s c h e m e 1.4 
0^ 0 
η Bull 
0^ 0 (LJ 
0^.0 
% 
Ώ 
Cope 
33 
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Chapter 3 i s devoted to the [ 4 + 2 ] c y c l o a d d i t i o n r e ­
a c t i o n s w i t h a v a r i e t y of d i e n o p h i l e s . E s p e c i a l l y , the 
r e a d i l y a v a i l a b l e p a r e n t compound M was i n v e s t i g a t e d on 
i t s D i e l s - A l d e r r e a c t i v i t y . With r e a c t i v e d i e n o p h i l e s A=B 
the d e s i r e d adducts 3j) were o b t a i n e d , which then were t r a n s ­
formed i n the cage p r e c u r s o r s 26^ as i n d i c a t e d i n scheme 
1.5. The p h o t o c y c ! i z a t i on o f 36_ t o homobasketanes has been 
r e a l i z e d i n two cases. 
scheme 1.5 
m -^  
0 0 
34 
1) M * Γ~Γ~-7κ 
2) Вг
г
/Е1зМ / — - Z — / \ 
ν—^ 
0 Br 
Ж 
The e x p l o r a t i o n o f the chemical p r o p e r t i e s o f 
d i h y d r o i n d e n o n e d e r i v a t i v e s i s d e s c r i b e d i n c h a p t e r 4 . 
The a t t e n t i o n was f o c u s s e d on s e l e c t i v e t r a n s f o r m a t i o n s 
of the a ldehyde 3_7» ' ' · β · e p o x i d a t i o n to ^38, h y d r o x y l a t i o n 
t o 2 1 and o l e f i n a t i o n to ^0 (scheme 1 . 6 ) . 
scheme 1.6 
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The c o n j u g a t e d t r i e n e 4_0 i s an a t t r a c t i v e s u b s t r a t e f o r 
s t u d y i n g s e l e c t i v e [ 4 + 2 ] c y c l o a d d i t i o n r e a c t i o n s . Two 
pathways can be e n v i s a g e d , υίζ. one i n v o l v i n g the d iene 
system C ( 4 ) - C ( 7 ) and the o t h e r u s i n g the v i n y l i c s u b s t i t u e n t 
and the C ( 4 ) - C ( 5 ) o l e f i n i c bond (scheme 1 . 7 ) . I t w i l l be 
shown t h a t the r e a c t i o n p r e f e r e n t i a l l y takes p l a c e via 
r o u t e 2. 
I n t e r e s t i n g l y , whenbenzoquinone i s taken as the d i e n o -
p h i l i c p a r t n e r the p r o d u c t i s a p e r h y d r o p h e n a n t h r e n e 
s k e l e t o n w i t h a s t e r e o c h e m i s t r y d e v i a t i n g from the r e g u l a r 
s t e r o i d m o l e c u l e s . The c y c l o a d d i t i o n process a c c o r d i n g t o 
r o u t e 2 can be f o r m u l a t e d as an a n g u l a r a n n e l a t i o n r e a c t i o n . 
A summary concludes t h i s t h e s i s . 
scheme 1. 7 
1.4 NOMENCLATURE 
In the experimental parts of this thesis all chemical 
compounds wi 11 be named according to the official lUPAC 
r u l e s 1 5 . In the discussion parts of the chapters trivial, 
systematic and shortened systematic names are used in-
-11-
di f f e r e n t l y . 
For the nomenclature o f t r i c y c l i c systems 4^ 3 t h ree 
systems are used in l i t e r a t u r e : 
f i gure 1.2 
¿За endo ¿3 b exo 
Accord ing to r u l e A34 o f the IUPAC nomencla ture they 
are cons ide red as hav ing an indene bas ic s k e l e t o n 
w i t h the numbering of the carbon atoms shown i n 
f i gure 1.3 
f i gure 1.3 
The bridge of one carbon atom is indicated by the 
prefix "methano" and the atoms of attachment in the 
parent compound. The extent of hydrogénation and 
consequently the position of the remaining double 
bonds is indicated by the prefix 3a ,4 ,7 , 7a-tetra-
hydro. Then the main subs tituent(s) is (are) deter-
mined and placed as a suffix behind the name of the 
parent compound, giving it (them) the lowest number(s) 
possible when there is a choice, but leaving the 
numbering of the carbon skeleton unchanged. Finally, 
other substituents with their atom numbers of attach-
ment are placed in alphabetical order. The stereo-
chemistry of these tricyclic systems is indicated 
-12-
by means o f endo or exo. In the ewao-isomer 43a 
both ends o f the molecule are f o l d e d towards each 
o t h e r , w h i l e the exo- isomer has a more s t r e t c h e d 
s t r u c t u r e . This n o m e n c l a t u r e has been used t h r o u g h ­
o u t t h i s t h e s i s ; i n Chemical A b s t r a c t s t h i s nomen­
c l a t u r e i s a l s o f o l l o w e d . 
г г . A l t e r n a t i v e l y , t r i c y c l i c compounds 43 can be named 
f o l l o w i n g the r u l e s A31 and A32 f o r p o l y c y c l i c com­
pounds. Here one takes the name o f the open chain 
hydrocarbon c o n t a i n i n g the same t o t a l number of 
carbon atoms ( d e c a d i e n e ) preceded by the p r e f i x 
" t r i c y c l o " i n d i c a t i n g the number o f s c i s s i o n s r e ­
q u i r e d t o c o n v e r t the system i n t o an o p e n - c h a i n 
compound. The word " t r i c y c l o " i s f o l l o w e d by b r a c k e t s 
c o n t a i n i n g , i n d e c r e a s i n g o r d e r , numbers i n d i c a t i n g 
the number o f carbon atoms i n : 
the two branches o f the main r i n g , 
the main b r i dge, 
the secondary b r i d g e . 
The main r i n g [ C ( l ) - C ( 9 ) ] and the main b r i d g e 
[ C ( 1 0 ) ] form a b i c y c l i c s y s t e m , which i s numbered 
commencing w i t h one of the b r i d g e h e a d s and p r o c e e d i n g 
by the l o n g e s t p o s s i b l e path t o the second b r i d g e ­
head; numbering i s then c o n t i n u e d by the l o n g e r un­
numbered path back to the f i r s t b r i d g e h e a d and i s 
completed by the s h o r t e s t path from the atom n e x t 
t o the f i r s t b r i d g e h e a d . The l o c a t i o n of the secon­
dary b r i d g e i s shown by s u p e r s c r i p t s f o l l o w i n g the 
number i n d i c a t i n g the number of carbon atoms (0) 
i π the s a i d b r i dge . 
T h e n t h e m a i n s ubs t i t u e n t ( s ) i s ( a r e ) d e t e r m i n e d 
and p l a c e d as a s u f f i x b e h i n d the name o f the p a r e n t 
compound, g i v i n g i t (them) the l o w e s t number(s) 
p o s s i b l e when t h e r e i s c h o i s e , but l e a v i n g the 
numbering o f the carbon s k e l e t o n unchanged. When 
- 1 3 -
a f t e r a p p l y i n g t h i s r u l e a cho ice in numbering 
remains, u n s a t u r a t i on i s g iven the lowest numbers. 
F i n a l l y , o t h e r s u b s t i t u e n t s w i t h t h e i r atom numbers 
o f a t tachment are p laced i n a l p h a b e t i c a l o r d e r . 
An example i s shown in f i g u r e 1.4. 
f i g u r e 1.4 
endo-ì- bromo - 5,10 - dio«o - t r i -
cyclo[5.2.1.02.6Jdec-3,8-diene-
t-carbaldehyde 10-ethylene acetal 
correct numbering 
endo-7- bromo -3,10 -dioito - t r i -
cyclo [5.2.1.02·6] dec - 4,8 - diene -
C-carbaldehyde 10-ethylene acetal 
incorrect numbering 
гъг. In the o l d e r l i t e r a t u r e names are d e r i v e d from the 
dimer of c y c l o p e n t a d i e n e , d i c y c l o p e n t a d i e n e . This 
n o m e n c l a t u r e has a lmost c o m p l e t e l y been abandoned 
now. 
The c o n s t r u c t i o n of the s y s t e m a t i c names of d i h y d r o i n d e n o n e 
d e r i v a t i v e s 2j3 proceeds i n accordance w i t h the r u l e s s t a t e d 
i n paragraph i. 
Two s t e r e o i s o m e r s e x i s t : 
f i gure 1.5 
0 0 
28b 
trans 
14-
A l l d i h y d r o i n d e n o n e compounds whieh s y n t h e s i s i s r e p o r t e d 
in the f o l l o w i n g c h a p t e r s , possess the ais s t r u c t u r e . Ac­
c o r d i n g t o recommendation E32, i f n e c e s s a r y , the p o s i t i o n s 
of s u b s t i t u e n t s w i t h r e s p e c t t o the b r i d g e h e a d hydrogen 
atoms i s g iven by the p r e f i x e s aij or tpans. The e x a c t 
p o s i t i o n o f o t h e r r i n g s a t t a c h e d t o the indene s k e l e t o n 
w i t h r e s p e c t t o the b r i d g e h e a d hydrogen atoms i s i n d i c a t e d 
by the pref ixes cisoia, or iraisoia. 
For the nomenclature o f the D i e l s - A l d e r adducts o f d i h y d r o -
indenones the r u l e s ment ioned i n paragraph i are a p p l i e d . 
The names of the p o l y c y c l i c s t r u c t u r e s d e s c r i b e d i η c h a p t e r 
4 are formed f o l l o w i n g r u l e A21-23; the p o s i t i o n of the 
hydrogen atoms i n these systems i s i n d i c a t e d by α or β 
i n c o n f o r m i t y w i t h the r u l e s f o r nomenclature o f s t e r o i d s . 
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C H A P T E R 2 
S Y N T H E S I S OF D I H Y D R O I N D E N O N E A C E T A L S FROM ПЕТНА-
NOINDENONE D E R I V A T I V E S BY A COPE REARRANGEMENT 
2 . 1 IlFhCDl a 10?, 
As i n d i c a t e d i n c h a p t e r 1 ^ i a - d i h y d r o i n d e n o n e d e r i ­
v a t i v e s , such as _1 or 2, are key i n t e r m e d i a t e s i n our de­
s i g n e d s y n t h e s i s of both s t r a i n e d p o l y c y c l i c cage com­
pounds and a n n e l a t e d p o l y c y c l i c r i n g s t r u c t u r e s . Thus f a r 
f ι gure 2.1 
0~0 
these d i h y d r o i n d e n o n e s have been s y n t h e s i z e d via t h r e e 
d i f f e r e n t r o u t e s , jiz.: 
i . f rom b i c y c l o [ 4 . 2 . 1 ] n o n a - 2 , 4 , 7 - t r i e n - 9 - y l systems 
3, via c a t i o n i c rearrangement r e a c t i o n s 1 (scheme 
2 . 1 ) ; 
s c h e m e 2 . 1 
SOCh 
Ph 
DAgOAc 
ZIOH® 
Ci ЗІСгОзРУ 
i 
Ph 
-13-
i i , from b i c y c l o [ 3 . 2 . 2 ] n o n a - 3 , 6 , 8 - t r i e n - 2 - o n e (homo-
ba r re lenone ) d e r i v a t i v e s ]_ th rough thermal i s o -
m e r i z a t i o n r e a c t i o n s 2 ' 3 ( s c h e m e 2 . 2 ) ; 
scheme 2 . 2 
\\ XC=CX, 
Í I 
XrCOOCHj 
_û_ 
Cope 
;
,i. f rom ffndo-methanoi ndenone d e r i v a t i v e s IQ_ by CO 
e x p u l s i o n or by Cope rearrangement and subsequent 
CO e l i m i n a t i o n f rom compounds o f type ^_1 (scheme 
2 . 3 ) . 
scheme 2.3 
•CO 
R η 
Cope 
1 
"J io 
12 
-
CA -co 
о 0 
- 1 9 -
Route •> i s of r a t h e r l i m i t e d i m p o r t a n c e · the r e q u i r e d 
s t a r t i n g m a t e r i a l s are s y n t h e s i z e d from c y c l o o c t a t e t r a e n e 
(an e x p e n s i v e s t a r t i n g compound) and the course o f the 
r e a c t i o n i s s t r o n g l y i n f l u e n c e d by the s u b s t i t u e n t a t C(9) 
and the reagents used \ 
Route ъі seems more p r o m i s i n g . The r e q u i r e d s t a r t i n g mate­
r i a l s 7 can be o b t a i n e d , a l t h o u g h i t i s n o t always easy, 
f rom t r o p o n e s 6 ( o r a l s o t r o p o l o n e s ) 5 ~ . An advantageous 
f e a t u r e of t h i s s y n t h e s i s i s t h a t the d i h y d r o i n d e n o n e s 
o b t a i n e d are more s t a b l e towards a c i d s than those hav ing 
hydrogens a t the 3a- and 7 a - p o s i t i o n s 3 . In some i n s t a n c e s , 
however, t h e r m a l ι s o m e n z a t i o n t o indanones may o c c u r 3 ' 9 . 
A lso d e v i a t i n g r e a c t i o n pathways may take p l a c e when i n t h e 
homobarrelenone ]_ one X-group i s r e p l a c e d by h y d r o g e n 3 . 
The m a j o r i t y o f the syntheses o f d i h y d r o i n d e n o n e s 
proceeds га r o u t e ъ~і. The f i r s t p r e p a r a t i o n of a d i ­
h y d r o i ndenone f o l l o w i n g t h i s r o u t e was r e p o r t e d by Zincke 
and P f a f f e n d o r f as e a r l y as 1912 1 0 (scheme 2 . 4 ) . I t was 
scheme 2 4 
0 
claimed that tetrachlorocyclopentadienone 2 1 is an inter­
mediate in this synthesis. In a similar fashion Allen and 
c o w o r k e r s 1 1 3 prepared the phenyl substituted dihydroinde-
none 20 (this product was accompanied by indanone 2J.) and 
studied the chemical properties of ^0 and related com­
pounds ' b,c It should be noted that this work was carried 
out in a time when no NMR spectrosropy was available to 
-20-
analyze structures. Therefore, the authors had to revise 
some of the proposed structures on the basis of modern 
spectral data. 
s c h e m e 2 . 5 
Ph ,Ph 
II 
0 
77 
.Ph 
0 
18 
Δ 
-CO 
Ph Ph Xtr
 + II 
0 
л 
40% 
о 
Ph 
•Ph 
Л 
-to·/. 
Polyalkyl and phenyl substituted dihydroindenones were 
synthesized by short wavelength irradiation of precursors 
related to J ^ 1 2 ' 1 3 . Also thermolysis of a cycl opentadi enone 
trimer has been reported to lead to a tetraphenyl substi­
tuted dihydroindenone 1 ^  . 
The parent compound 2a^  (R = H) was first obtained in 
1954, albeit in impure form, by Alder and F l o c k 1 5 , during 
their study of the thermal behaviour of the tricyclic 
ketone 22a (scheme 2 . 6 ) . In this synthesis the dimer IQa 
(R=H) of cyclopentadienone 2^ is suggested to be inter­
mediate. In the years that followed attempts were made to 
prepare 2_a in a more direct manner, v i z . from 10a. However, 
in the beginning it was not sure, whether the product 
formed was dihydroindenone 2a or its aromatic isomer 
indan-1-one 1 6 '17. This ambiguity was due to different 
reaction conditions employed and/or incorrect structure 
assignments. After the introduction of NMR spectroscopy 
-21-
the s t r u c t u r e d e t e r m i n a t i o n s became more r e l i a b l e . Impro­
ved c o n t r o l o f the e x p e r i m e n t a l c o n d i t i o n s and p a r t i c u l a r l y , 
the use of f l a s h vacuum t h e r m o l y s i s l e d to a s u c c e s s f u l 
p r e p a r a t i o n of 2_a from m e t h a n o - 1 , 8 - d i one 10a ' 8 ' 1 9 . 
s cheme 2 . 6 
О 
о 
24 2a 
The 2 , 4 - d i h a l o s u b s t i t u t e d c y c l o p e n t a d i e n o n e dimers 
25 serve as s t a r t i n g m a t e r i a l s f o r the p r e p a r a t i o n of 
26 0 , 2 1 scheme 2 . 7 ) . In c o n t r a s t , t h e r m o l y s i s of the 
scheme 2.7 
26 
¡(--CI 
X=Br2 
20 
monoch lo r i na ted analogue of 10 w i t h c h l o r i d e at the 2-
p o s i t i o n on ly y i e l d e d aromat ized 4 - c h l o r o - i n d a n - 1-
o n e 1 7 ' 2 2 . 
In r e f . 17 t h i s compound , p r e p a r e d by c h l o r i n a t i o n o f 
10a was a s s i g n e d t h e wrong s t r u c t u r e . 
- 2 2 -
T h u s f a r l i t t l e a t t e n t i o n h a s b e e n g i v e n t o d i h y d r o -
i n d e n o n e a c e t á i s . W i t h i n t h e c o n t e x t o f t h e a t t e m p t e d 
p r e p a r a t i o n o f c y c l o p e n t a d i e n o n e e t h y l e n e a c e t a l V o g e l 
a n d W y e s 1 8 p y r o l y z e d m e t h a n o l n d e n o n e 1 l a (R = H) a n d o b t a i n e d 
d i h y d r o i n d e n o n e e t h y l e n e a c e t a l J j i (R = H ) . No d e r i v a t i v e s 
o f _ І 1 h a v e b e e n r e p o r t e d s o f a r . T h e f o r m a t i o n o f c o m p o u n d 
s c h e m e 2 . 8 
Cope 
//a 
•CO J 
0 0 
I I 
la 95 % 
la proceeds via a thermal rearrangement of 11a to 27, 
followed by extrusion of CO. The thermal rearrangement of 
endo-methanolndene systems 2 3 was first observed by Wood­
ward and K a t z 2 " during their study of the behaviour of the 
isomeric alcohols 2_8 and 3J. on heating (scheme 2.9). At a 
scheme 2. 9 
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t e m p e r a t u r e of 140 С a l c o h o l 28 gave an e q u i l i b r i u m m i x t u ­
re of 28 and 22 (see a l s o r e f . 25) w h i l e 31 was c o m p l e t e l y 
c o n v e r t e d i n t o 3_3. These o b s e r v a t i o n s were e x p l a i n e d by 
assuming t h a t 33 i s t h e r m o d y n a m i c a l l y more s t a b l e because 
of s t e r i c compression o f the endo-OH group in 3_1. Both 
r e a c t i o n s take p l a c e w i t h r e t e n t i o n of s t e r e o c h e m i s t r y 
and c h i r a l i t y , hence a retro -Di e l s - A l d e r r e a c t i o n f o l l o w e d 
by a r e c o m b i n a t i o n can be r u l e d o u t . The r e a c t i o n s are 
proposed t o proceed via a c o n c e r t e d mechanism t h r o u g h i n ­
t e r m e d i a t e stages r e p r e s e n t e d by 29 and 32^, r e s p e c t i v e l y . 
They form a s p e c i a l case of a [ 3 , 3 ] s i g m a t r o p i c r e a r r a n g e ­
ment, known as the Cope r e a r r a n g e m e n t 2 6 . 
Since i t s d i s c o v e r y t h i s type of rearrangement has 
f r e q u e n t l y been e n c o u n t e r e d i n r e a c t i o n s of c y c l o p e n t a -
diene dimers and r e l a t e d c o m p o u n d s 2 7 " 2 9 . C o n s i d e r a b l e 
a t t e n t i o n has been g i v e n to methanoinden-8-ones 342 ' ' ' 3 0 ~ 3 2 . 
When heated at r e l a t i v e l y low t e m p e r a t u r e s (60-140 С they 
r e a r r a n g e c o m p l e t e l y t o the 1-oxo isomers2_2, the d r i v i n g 
f o r c e b e i n g the removal of the s t r a i n of the b r i d g e d 
ketone f u n c t i o n and the c o n j u g a t i v e s t a b i l i z a t i o n o f the 
enone system formed (scheme 2.10) 
scheme 2. 10 
eo-iurc 
22 0 
P y r o l y s i s o f these compounds at much h i g h e r t e m p e r a t u r e s 
causes rearrangement t o 22 as w e l l as d i r e c t CO e l i m i n a t i o n 
from 34 3 0 . 
* One c o m p o u n d s h o w s a s o m e w h a t d i f f e r e n t b e h a v i o u r 3 2 . 
- 2 4 -
The conversion of methanol' nden- 1,8-di ones into di-
hydroindenones can take place jia two different pathways, 
viz. through a Cope rearrangement and subsequent CO elimi-
nation or by a direct expulsion of CO . These pathways can 
be differentiated by using substituted substrates as out­
lined in scheme 2.11. Essentially, pyrolysis of an un-
symmetrically starting material ^5 leads to a mixture of 
scheme 2.11 
isomeric products arising from both pathways indicated in 
scheme 2.11. The formation of mixtures of isomers can be 
circumvented by employing methanol'ndenone derivatives of 
which one of the keto groups is masked, e.j. as an acetal 
as in jj. or _12 (scheme 2.3). In this manner the elimination 
of CO is prevented. At elevated temperatures an equilibrium 
exists between the isomers \A and J^, which lies far to the 
left because the ketone function in 12^, compared to that 
in j_l, is more strained and lacks conjugative stabili­
zation (scheme 2.3). Extrusion of CO from _12^  to give the 
* D i s s o c i a t i o n of су с I o p e n tad i e n o n e d i m e r s is left out of 
c o n s i d e r a t i on. 
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r a t h e r s t a b l e di h y d r o i ndenone _1 i s the d r i v i n g f o r c e , t h a t 
e v e n t u a l l y causes the e q u i l i b r i u m t o s h i f t t o the r i g h t . 
Methanoindenones of the type 12_ s u f f e r from the d i s a d ­
vantage of n o t b e i n g r e a d i l y a c c e s s i b l e ; however, t h e i r 
С (8) - a c e t a l i zed isomers _1_1 and the deoxo-anal ogs 2_2 are 
o f t e n easy t o p r e p a r e . I t should be n o t e d here t h a t com­
pounds 11 and 22 are key i n t e r m e d i a t e s i n the s y n t h e s i s of 
s t r a i n e d p o l y c y c l i c cage compounds (see s e c t i o n 3 . 1 and 
the theses of K l u n d e r 3 3 a n d A r t s 3 1 * ) . In c o n n e c t i o n w i t h 
t h e i r s tudy of the s y n t h e s i s and chemical p r o p e r t i e s of 
s t r a i n e d cage compounds Klunder and A r t s b u i l t up a con­
s i d e r a b l e e x p e r t i s e i n our l a b o r a t o r y about methanoinde-
none s y s t e m s , such as П. an^ 22 ·^ A number of compounds 
l a c k i n g the enone moiety as p r e s e n t in 22^, thus s u b s t r a t e s 
o f the type 39» w a s prepared by V e r l a a k 3 5 3 ' . By s u b j e c -
f i g u r e 2.2 
// 
0 
39 
t i n g these systems to a thermal reiro-oiels-Alder r e a c t i o n , 
the s y n t h e s i s of some n a t u r a l l y o c c u r i n g f u n c t i o n a l i zed 
c y c l o p e n t e n o n e s was accompli s h e d 3 ь ' ' . 
In view of the aim o f the r e s e a r c h d e s c r i b e d i n t h i s 
t h e s i s , the dibromo b i s a c e t a l 41 (an i n t e r m e d i a t e i n the 
r o u t e to j _ l ) i s o f p a r t i c u l a r i n t e r e s t f o r the s y n t h e s i s 
o f s t r a i n e d p o l y c y c l e s . I t can be p r e p a r e d i n a s t r a i g h t ­
f o r w a r d manner in good y i e l d from c y c l o p e n t a n o n e . The 
bromine s u b s t i t u e n t a t C(2) opens good p r o s p e c t s f o r the 
i n t r o d u c t i o n of a wide v a r i e t y o f o t h e r s u b s t i t u e n t s . 
- 2 6 -
In c o n t r a s t , the b r i d g e h e a d bromine atom a t C(4) i s very re­
l u c t a n t t o r e p l a c e m e n t r e a c t i o n s . Hence a m e t a l - h a l o g e n 
exchange a t C(2) f o l l o w e d by a r e a c t i o n w i t h an e l e c t r o -
p h i l i c r e a g e n t 3 6 ' 3 7 and s e l e c t i v e h y d r o l y s i s i s an a p p r o ­
p r i a t e e n t r y t o newly subs t i t u t e d methanol ndenones 4 ^ 
(scheme 2 . 1 2 ) . T h i s method of f u n c t i o n a l i z i n g α,β - u n s a t u ­
r a t e d ketones a t the α-pos i t i on , e m p l o y i n g t h e i r a c e t á i s 
scheme 2.12 
Ό 
II 
о 
iO 
as α - k e t o v i n y l an ion e q u i v a l e n t s , has been e s p e c i a l l y 
s u c c e s s f u l i n quinone and c y c l o p e n t e n o i d chemis t r y 3 e "^2 . 
I t i s c l a i m e d t h a t m e t a l - h a l ogen exchange i n such bromo 
a c e t á i s by means o f r¡BuLi leads to l i t h i a t e d complexes, 
which are s t a b i l i z e d through the c o o r d i n a t i o n o f the l i -
th ium c a t i o n w i t h the ace ta l oxygen atoms'*3 . P y r o l y s i s 
o f the methanol ndenones 4_2 leads to a Cope rearrangement 
and d e c a r b o n y l a t i o n t o g ive the d e s i r e d d ihydro indenone 
a c e t a l s 43. 
The r e s u l t s o b t a i n e d w i t h the concept o u t l i n e d in 
scheme 2.12 are desc r i bed in s e c t i o n 2.2 ( s y n t h e s i s o f 
f u n c t i o n a l i z e d methanolndenones 42) and in s e c t i o n 2.3 
( p y r o l y s i s o f compounds 42^  to di hyd ro i ndenone a c e t á i s 4 3 ) . 
In the appendix to t h i s chap te r a d e t a i l e d account i s 
g iven of f l a s h vacuum t h e r m o l y s i s as an expe r imen ta l 
t echn i que. 
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2 . 2 SYNTHESIS OF Fu \C'i ΙΟ Ί AL I ZED METHANOINDEUCÌÌES 
(PRECURSORS FOR I HF COPE REARRANGEMENT) 
As ment ioned i n s e c t i o n 2 .1 the methanoindenone 
d e r i v a t i v e 4_1 i s r e a d i l y a c c e s s i b l e . In a s i m i l a r f a s h i o n 
p roduc t 46^  can e a s i l y be prepared from cyc l opentanone. 
These compounds can be cons ide red as b i s a c e t a l i zed dimers 
o f cyc lopen tad ienones , which u s u a l l y cannot be i s o l a t e d 
as such 1 * " " 1 ' 7 . The d e t a i l s o f the s y n t h e s i s o f 46i and 4 1 , 
as w e l l as of 11a and 48 , are summarized i n schema 2.13**. 
scheme 2. 13 
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In p r a c t i c e , however, some d i f f i c u l t i e s were en-
coun te red by us d u r i n g the p r e p a r a t i o n o f the bromo a c e t á i s 
45 and 47, p a r t i c u l a r l y d u r i n g the work-up procedure and 
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subsequent p u r i f i c a t i o n . B romina t ion o f 44 us ing two e q u i -
va len ts o f Br? gave 1:1 m ix tu re o f cis and trans 4_5 
t o g e t h e r w i t h some d e a c e t a l i z e d m a t e r i a l . F o l l o w i n g the 
o r i g i n a l p r o c e d u r e " 8 r e c r y s t a l 1 i z a t i o n o f the r e a c t i o n 
m ix tu re f rom e thano l a f f o r d e d trans 4_5 as a s i n g l e com-
pound in low y i e l d on ly (10-15 %). From the r e s u l t i n g 
f i l t r a t e the remainder o f the ois-trans m i x t u r e " c r y s t a l -
l i z e d " as one s t i c k y lump when kept i n the r e f r i g e r a t o r 
a t -25 C; t h i s second crop s t i l l con ta i ned ketone impu-
r i t i e s . A b e t t e r method i n v o l v e s the " f i l t r a t i o n " o f crude 
45 through a s h o r t s i l i c a gel co lumn; the n e a r l y c o l o u r -
less o i l thus o b t a i n e d (a m i x t u r e o f both i somers) was 
s u f f i c i e n t l y pure f o r f u r t h e r r e a c t i o n s . 
Dur ing the p r e p a r a t i o n of 4_7 the crude m a t e r i a l some-
t imes f a i l e d to s o l i d i f y , when poured i n t o wa te r o r aqueous 
b i c a r b o n a t e . Th is i s probably due to the f o r m a t i o n o f too 
l a rge q u a n t i t i e s o f 2 , 2 , 5 - t r i b r o m o c y c l o p e n t a n o n e and /o r 
i t s decompos i t ion p roduc ts du r i ng the r e a c t i o n and /o r the 
work-up p rocedu re . I f problems w i t h s o l i d i f i c a t i o n do 
o c c u r , the o rgan i c l a y e r can be taken up i n methy lene 
c h l o r i d e and washed w i t h aqueous b i c a r b o n a t e . However, a 
c o n s i d e r a b l e loss o f m a t e r i a l then has to be accep ted . 
Di h y d r o b r o m i n a t i o n o f 45^  and 47 gave the b i s a c e t a l s 
46 (72 %) and 4_1 (88 % ) , r e s p e c t i v e l y . Subsequent hyd ro -
l y s i s of 46^  and 4J. w i t h concen t ra ted HCl in THF s e l e c t i v e l y 
removed the a c e t a l f u n c t i o n at C ( l ) g i v i n g 11a and 48 , 
r e s p e c t i v e l y , i n more than 90 % y i e l d . 
2-Bromomethanoindenone ^0 has been p repared p r e v i o u s -
ly 1* 9 s t a r t i n g from 10a. This dimer o f c y c l o p e n t a d i enone 
can c o n v e n i e n t l y be prepared f rom I l a 1 8 as i s i n d i c a t e d 
in scheme 2.14 ( r o u t e 1 ) . I t shou ld be no ted t h a t the 
s e l e c t i v e b r o m i n a t i o n of 10a takes p lace a t the most e l e c -
t r o n d e f i c i e n t double bond, c o n t r a r y to the e x p e c t a t i o n . 
Th is cannot be a t t r i b u t e d to the presence of the carbony l 
- 2 9 -
s c h e m e 2 . 1 4 
route 2 
иВгг/ССЦ 
IjBrj/CCl 
Z j E t j N 
-/±A 
ZjEtjN 
4Í 0 Br 
H® 
(CH20H)2 
5Ö о Br 
f u n c t i o n a t the C(8)-methano b r i d g e , as was suggested by 
Scherer and S c e r b o 2 2 , as replacement of the c a r b o n y l 
f u n c t i o n by a methylene group does n o t change the p r e ­
f e r e n c e o f the b r o m i n a t i o n r e a c t i o n " A more di r e e t 
approach t o 5J] i n v o l v e s the bromi n a t i on/dehydrob romi n a t i on 
o f 1 la asshown i n r o u t e 2 of scheme 2 . 1 4 . Product ^ 0 was 
o b t a i n e d i n a y i e l d of 86 %. Again i t s h o u l d be noted t h a t 
b r o m i n a t i o n of the C ( 5 ) - C ( 6 ) o l e f i n i c bond does not take 
pi a c e . 
I n s t e a d o f B r 2 / E t 3 N the use of ( C H 3 ) 2 S . B r 2 / N a H C 0 3 has 
been d e s c r i b e d 5 1 f o r the c o n v e r s i o n o f enones i n t o a-
bromo enones; however, the f i r s t m e n t i o n e d method i s p r e ­
f e r r e d because the b r o m i n a t i n g r e a g e n t i s s i m p l e r . This 
new and d i r e c t r o u t e of 11a to 5J] i s s u p e r i o r to the one 
shown i n r o u t e 1 of scheme 2 . 1 4 , because l e s s steps are 
i n v o l v e d and the o v e r a l l y i e l d i s a l s o b e t t e r . 
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A v a r i e t y of methanolndenone d e r i v a t i v e s were s y n ­
t h e s i z e d f rom the dibromo b i s a c e t a l 4_1 by m e t a l - h a l ogen 
exchange and subsequent t r e a t m e n t w i t h an e l e c t r o p h i 1 e . 
This sequence was i n f a c t used by B e l l , Chapman and 
Toyne 5 ^ f o r the s y n t h e s i s of compound 51a, by r e p l a c i n g 
bromine f o r h y d r o g e n . However, t h e y d i d not e x p l o r e the 
scope of t h i s method. Compound 4_1 c o n t a i n s two bromine 
atoms, t h a t b o t h , i n p r i n c i p l e a t l e a s t , can be s u b j e c t e d 
to m e t a l - h a l o g e n exchange r e a c t i o n s . T h e r e f o r e , i t was o f 
importance t o e s t a b l i s h the s e l e c t i v i t y of the m e t a l l a t i o n 
p r o c e s s . 
Treatment o f 4_1 w i t h 1.1 e q u i v a l e n t of nBuLi f o l ­
lowed by a d d i t i o n o f w a t e r gave the expected 5 la i n 83 t 
y i e l d (scheme 2 . 1 5 ) . This compound r e a d i l y looses the 
C ( l ) - a c e t a l f u n c t i o n , t h e r e f o r e i t must be s t o r e d dry 
(and c o o l ) . R e a c t i o n o f 4J_ w i t h 2 . 1 e q u i v a l e n t s o f >.BuLi 
s cheme 2.15 
0 0 
о . Л) 
57а <J 
+ 
о о 
+ X 
and subsequent addition of water produced a mixture of 
several compounds, which consisted of 51a as the predomi-
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nant p r o d u c t , some 46^  and some u n i d e n t i f i e d m a t e r i a l s . 
The same r e s u l t was o b t a i n e d when 51a and 1.1 e q u i v a l e n t 
o f «BuLi were b r o u g h t i n t o r e a c t i o n . I t may be concluded 
t h a t the v i n y l i c bromine a t C(2) i s much more l i a b l e to 
metal exchange r e a c t i o n s than the b r i d g e h e a d bromine a t 
C ( 4 ) . 
By e m p l o y i n g o t h e r e l e c t r o p h i 1 i с r e a g e n t s than w a t e r 
a s e r i e s o f С ( 2 ) - f u n c t i o n a l i zed methanoindenone d e r i v a t i v e s 
51 was p r e p a r e d (scheme 2 . 1 6 ) . With e t h y l i o d i d e (5 e q . ) 
scheme 2.16 
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as e l e c t r o p h i l e compound 51b was i s o l a t e d i n a y i e l d of 
72 %. A d d i t i o n of HMPTA, as recommended by Smi t h eial .'"' b 
gave no improvement of the y i e l d but i n s t e a d l e d t o s t a r ­
t i n g m a t e r i a l o n l y . In a s i m i l a r way a d d i t i o n o f ( C H 3 ) 3 S i C l 
a f f o r d e d 51c i n 88 % y i e l d . The m e t h y l t h i o group was i n ­
t r o d u c e d by means o f CH3SC1 ( 1 . 1 e q . ) g i v i n g compound 51d 
i n 82 % y i e l d . A d d i t i o n o f a l a r g e excess (5 e q . ) o f 
ChUSCl gave o n l y u n i d e n t i f i e d p r o d u c t s ; i n the NMR spectrum 
no v i n y l i c hydrogen a b s o r p t i o n s were p r e s e n t . P r o b a b l y , 
m e t h a n e s u l f e n y l c h l o r i d e r e a c t s w i t h the double bonds 
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p r e s e n t 5 3 ' 1 ' ' ' . By u s i n g d i m e t h y l d i s u l f i d e as the e l e c t r o -
p h i 1 e 3 6 ' 3 7 ' ц 0 l e s s s a t i s f a c t o r y r e s u l t s were o b t a i n e d 
than w i t h m e t h a n e s u l f e n y l c h l o r i d e . A m i x t u r e of 51d (σα. 
60 t) and amongst o t h e r s 51a was p r o d u c e d . A d d i t i o n o f 
HMPTA caused a f u r t h e r decrease o f t h e y i e l d o f 51d. The 
d i f f e r e n c e in b e h a v i o u r o f d i m e t h y l d i s u l f i d e and methane-
s u l f e n y l c h l o r i d e most l i k e l y must be a t t r i b u t e d t o the 
lower l e a v i n g a b i l i t y o f the SCH3-group as compared w i t h 
the c h l o r i d e i o n . 
In the l i t e r a t u r e o n l y a few methods are known t o 
i n t r o d u c e h y d r o x y l - o r e t h e r - f u n c t i o n s via e l e c t r o p h i 1 i с 
d i s p l a c e m e n t r e a c t i o n s . These i n c l u d e the r e a c t i o n o f an 
o r g a n o - 1 i t h i u r n compound w i t h 0 „ 3 6 ' 3 7 , o r g a n i c peroxo 
c o m p o u n d s 3 7 , i n o r g a n i c p e r o x i d e s 5 5 and B ( 0 C H 3 ) - S 6 . In 
g e n e r a l , the y i e l d s are r a t h e r modest, m o s t l y n o t ex­
c e e d i n g 60 %. We were u n s u c c e s s f u l i n a c c o m p l i s h i n g such 
a t r a n s f o r m a t i o n . Treatment of l i t h i a t e d 4_1 w i t h dry 0« at 
0 С d u r i n g 36 hours gave, a f t e r aqueous w o r k - u p , a l m o s t 
e x c l u s i v e l y 5 1 a . I n the IR spectrum of the r e a c t i o n p r o ­
d u c t a weak a b s o r p t i o n at 1760 cm" was p r e s e n t i n d i c a t i v e 
of a f ive-membered c y c l i c ketone formed by k e t o n i z a t i o n 
of the i n i t i a l l y formed e n o l . When compound 4_1 was t r e a t e d 
w i t h nBuLi and C r 0 ( 0 2 J p · Р У r i di n e 5 5 , the IR s p e c t r u m again 
showed a weak a b s o r p t i o n a t 1760 cm" ; the major p a r t 
o f the r e a c t i o n m i x t u r e c o n s i s t e d of 5J_a*. 
Ketones h a v i n g a a-hydrogen can be h y d r o x y l a t e d a t the 
л - p o s i t i o n by t r e a t m e n t w i t h LDA f o l l o w e d by a r e a c t i o n 
w i t h M o 0 ( 0 2 ) 2 . H M P T A . p y r i d i n e 5 7 . In our hands t h i s r e a g e n t 
f a i l e d to r e a c t w i t h l i t h i a t e d 4_1 b o t h at -20 0C and a t 
R e a c t i o n s w i t h СrO ( 0 . ) _ . p y r i d i ne s h o u l d be a v o i d e d i f 
p o s s i b l e , as i t i s u n s t a b l e and p r o n e t o e x p l o d e a b o v e 
0 C, e s p e c i a l l y when d r y . In o u r l a b o r a t o r y we h a v e had 
a r a t h e r s e v e r e e x p l o s i o n o f a b o u t 5 grams o f t h i s ma­
t e r i a l . 
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r e f l u x t e m p e r a t u r e . Another molybdenum complex, M o 0 ( 0 ? ) ? . 
2 , 2 ' - b i p y r i d i n e 5 β , gave no r e a c t i o n e i t h e r . U n s a t i s f a c t o r y 
r e s u l t s were o b t a i n e d by t r e a t m e n t of mono-1 i t h i a t e d 4_1 
w i t h B ( 0 C H , ) , ; a f t e r w o r k - u p , o n l y 51a was i s o l a t e d . 
The i n t r o d u c t i o n of an a ldehyde f u n c t i o n o f t e n can 
be a c c o m p l i s h e d by t r e a t m e n t of organometal 1 i с i n t e r m e d i ­
ates w i t h N - s u b s t i t u t e d formami d e s 3 6 ' э 7 * 5 S a or e t h y l 
f o r m a t e 3 5 ' 5 9 . Treatment of compound 4_1 w i t h 1.1 e q u i v a l e n t 
of K B U L Ì f o l l o w e d by a d d i t i o n o f DMF gave indeed the 
carba ldehyde 51e i n 72 % y i e l d . In t h i s p a r t i c u l a r reac-
t i o n i t t u rned out t o be i m p o r t a n t to keep the r a t i o o f 
41 and nBuLi between 1.1 and 1 .2 , o t he rw i se y i e l d s were 
on ly moderate . Thorough p u r i f i c a t i o n o f 51e by means o f 
column chromatography and /o r r e c r y s t a l 1 i z a t i o n i s essen-
t i a l as p roduc ts formed in f u r t h e r t r a n s f o r m a t i o n s are 
d i f f i c u l t to h a n d l e . The use o f e t h y l fo rmate as the e l e c -
t r o p h i l e gave less s a t i s f a c t o r y r e s u l t s ; a f t e r aqueous 
work-up on ly 20-25 % o f 51e i s p resen t in the r e a c t i o n 
mi x t u r e . 
A t tempts were made to rep lace the bromine atom a t C(2) 
by an acy l f u n c t i o n by us ing anhydr ides and N - s u b s i t u t e d 
amides as e l e c t r o p h i l e s 5 9 . When 1.1 e q u i v a l e n t of a c e t i c 
anhydr ide was added to mono-1 i t h i a ted 4_1 i n THF, f o l l o w e d 
by aqueous work-up us ing D-O i n s t e a d o f Η,,Ο, a lmost pure 
5 la was i s o l a t e d i n which no d e u t e r i u m was i n c o r p o r a t e d . 
The NMR s p e c t r u m o n l y showed the f o r m a t i o n o f a t r a c e of 
the d e s i r e d a c y l compound ( s i g n a l o f H(3) a t 6 6 . 7 8 ) . 
C l e a r l y , i n t h i s case 51a was formed d u r i n g the r e a c t i o n 
w i t h a c e t i c a n h y d r i d e , which then serves merely as a p r o t o n 
donor i n s t e a d as an a c y l a t i n g a g e n t . Using N , N - d i m e t h y l -
acetamide i n s t e a d o f a c e t i c a n h y d r i d e gave e s s e n t i a l l y 
the same r e s u l t , namely the f o r m a t i o n of 51a and a t r a c e 
o f the a c y l a t e d m a t e r i a l . 
A l k y l h y p o c h l o r i t e s were a l s o t r i e d as e l e c t r o p h i 1 i с 
a g e n t s . These r e a g e n t s are known as e q u i v a l e n t s of p o s i t i v e 
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c h l o r i n e atoms. T h e r e f o r e , a c h l o r i n a t e d p r o d u c t i s t o 
be e x p e c t e d . R e a c t i o n of m e t a l l a t e d 4_1 and tBuOCl p r o ­
duced a m i x t u r e p r e d o m i n a n t l y c o n s i s t i n g of 51a [oa . 60 %) 
and 2 - c h l o r o - m e t h a n o i n d e n o n e 51f {oa . 40 % ) * . No a t t e m p t s 
were made t o o p t i m i z e t h i s r e a c t i o n . 
F i n a l l y , bromoacetaldehyde di e t h y l a c e t a l 6 0 and e t h y ­
lene oxide36>37 » s ι
 w e r e t r i e d . In both cases no s u c c e s s ­
f u l r e a c t i o n c o u l d be a c c o m p l i s h e d ; a f t e r work-up t h e 
major p r o d u c t was compound 5 la r e s u l t i n g from w a t e r a c t i n g 
as e l e c t r o p h i 1 e . 
I t i s o f i n t e r e s t to p o i n t out t h a t the sequence of 
m e t a l - h a l ogen exchange and subsequent r e a c t i o n w i t h an 
e l e c t r o p h i l e proceeds less e a s i l y w i t h dibromo b i s a c e t a l 
41 than w i t h the m o n o c y c l i c analogue 2 - b r o m o c y c l o p e n t a -
none e t h y l e n e a c e t a l 3 6 . The p r e c i s e reason f o r t h i s d i f ­
f e r e n c e i n b e h a v i o u r cannot be deduced from the l i m i t e d 
e x p e r i m e n t a l i n f o r m a t i o n a v a i l a b l e . As a p o s s i b l e e x p l a n a ­
t i o n i t i s suggested t h a t in the f o l d e d s t r u c t u r e of the 
endo-compound 4_1 one face of the C(2)-bromo a c e t a l moiety 
i s s h i e l d e d by the ν - e l e c t r o n s of the o l e f i n i c C ( 5 ) - C ( 6 ) 
bond. F u r t h e r m o r e , the s t e r i c e f f e c t e x e r t e d by the a c e t a l 
f u n c t i o n s a t C ( l ) and C(8) may hamper the approach of an 
e l e c t r o p h i l e at C ( 2 ) . 
S e l e c t i v e h y d r o l y s i s o f the C ( l ) - a c e t a l f u n c t i o n of 
the C ( 2 ) - f u n c t i o n a l i zed methanolndenone d e r i v a t i ves 51 
was r e a d i l y a c c o m p l i s h e d by means o f a r e a c t i o n w i t h 
aqueous HCl i n THF (scheme 2 . 1 6 ) . T h i s procedure d i d n o t 
work s a t i s f a c t o r y w i t h the aldehyde 51e. A m i x t u r e o f 
s e v e r a l p r o d u c t s was o b t a i n e d , among which the d e s i r e d 
42e (oa . 50 % ) . The o t h e r p r o d u c t s p r o b a b l y a r i s e f r o m 
an a t t a c k of c h l o r i d e ion a t the doubly a c t i v a t e d enone 
* The p e r c e n t a g e s w e r e d e t e r m i n e d a f t e r s e l e c t i v e h y d r o ­
l y s i s ; compound 51 f was n o t i s o l a t e d . 
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system o f i n i t a i l l y formed 4_2e. Owing to i t s decompos i t i on , 
i s o l a t i o n o f 42e f rom the r e a c t i o n m i x t u r e was not p o s s i b l e . 
A f t e r some e x p e r i m e n t a t i o n the r i g h t c o n d i t i o n s were found : 
compound 51e was s t i r r e d o v e r n i g h t suspended in a THF-
water m i x t u r e («a . 1 : 3 ) , to which concen t ra ted s u l f u r i c 
a c i d was added to p rov ide a m ix tu re o f 0.25 N in a c i d . 
Spec ia l a t t e n t i o n had to be g iven to the work-up procedure 
f o r the f o l l o w i n g reason: a t r a c e o f a c i d s t i l l p resent 
in the p roduc t w i l l r u i n the planned f l a s h vacuum t h e r -
mo lys is as then on ly a r o m a t i z a t i o n w i l l occu r . 
In one o f the exper iments o f 51e, t h i s compound was 
d i s s o l v e d i n a THF-water m ix tu re w i t h reversed r a t i o o f 
8 :1 and s t i r r e d o v e r n i g h t . Then the r e a c t i o n m ix tu re was 
n e u t r a l i z e d w i t h s o l i d NaHCO.,, the excess NaHC03 f i l t e r e d 
o f f and the s o l v e n t removed by e v a p o r a t i o n . However, 
a c c i d e n t a l l y the s o l u t i o n s t i l l con ta i ned some ac id (pH 3 ) , 
and as a r e s u l t a s o f a r unknown compound was o b t a i n e d . 
Accord ing to the NMR spec t rum, i t d i d no longer have an 
aldehyde f u n c t i o n (absence of s i g n a l a t & 9 . 5 ) . In a d d i -
t i o n the NMR revea led the c h a r a c t e r i s t i c abso rp t i ons o f 
a methanolndenone sys tem, no tab l y a one p ro ton doub le t a t 
ß 7.48 (ß-hydrogen atom of an enone system) and a one 
p ro ton s i n g l e t at δ 5 . 4 6 ; t h e i n t e g r a t i o n showed t h a t s t i l l 
two a c e t a l groups were p r e s e n t . On the b a s i s of these data 
t h i s compound was a s s i g n e d s t r u c t u r e 42g (scheme 2 . 1 7 ) . 
scheme 2 . 1 7 
0 0 
4?> CH 
II 
0 
51 e 
H30 
© 
о 0 
¿Ьч 
й2д 
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This assignment was further confirmed by IR, MS and ele­
mental analysis. Apparently, an acid catalyzed transaceta-
lization reaction has taken place. 
The results of the replacement of the C(2)-bromine 
atom i η 4_1 by a series of electrophi les and the subse­
quent selective hydrolysis to products 4_2 are compiled 
in table 2.1. 
table 2.1: Synthesis of C( 2 )-functionali zed methano-
indenones 4_2 according to scheme 2.16 
electrophile 
н2о 
W 
Si(СН3)зС1 
CH3SC1 
HCON(CH 3) 2 
¿BuOCl 
E 
H 
C2H5 
5і(СНз)з 
S C H 3 
СНО 
Cl 
сн(осн 2) 2 
bisacetal 51 
51а 
51b 
51с 
51d 
51e 
51f 
yield (%) 
83 
72 
88 
82 
72 
* 
monoacetal 42 
42a 
42b 
42c 
42d 
42e 
42f 
42g 
yield (%)** 
85 
77 
εο 
78 
100 
30 
85 
* yield not determined 
««yield based on 4J. except for 42e and 42g 
In order to study the Cope rearrangement of methano-
indenones in more detail it was desirable to prepare "un-
symmetri cal ly " f unctional i zed methanol η denedi ones J^ O 
(scheme 2.3). For this purpose compounds mono-substituted 
at C(2) or C(4) seem most appropriate, because their re­
arrangement can easily be followed by means of NMR spec­
troscopy. However, complete hydrolysis of methanolndenone 
acetáis to methanolndenediones only proceeds with diffi-
culty; often vigorous conditions are required. The need 
for such conditions is due to the increase of strain 
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energy going from a s p 3 to a s p 2 hybridized bridged C(3) 
carbon atom. 
Hydrolysis of ^0 in boiling concentrated HCl gave dione 
49 in 95 % yield (scheme 2.18). Applying the same reaction 
scheme 2.18 
o
v
o 
50 0 Br 
0 
c
°
nc
-
HCl
> £ 3 1 7 4 
Δ, 30 min ] tf 
49 0 Br 
75°/.Η250ς ^ 
2 0 X 5 days" 
conditions to compound 42a only led to recovery of star­
ting material. Prolonged heating with concentrated hydro­
chloric acid gave total decomposition, as did 96 % sul­
furic acid at room temperature. Treatment with 10 N H ? S 0 . 
о 
at 20 С for two days gave no reaction. Eventually, hydro­
lysis in 75 % sulfuric acid for five days at 20 С resul­
ted in the desired product 52 albeit still contaminated 
with some 42a. The marked difference in behaviour of 5£ 
and 42a cannot be explained as yet. 
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2 . 3 SÏ;:THKSIS OF UVZCTIONALIY^D DIHYDROINDKNCÏÏE DERIVA-
TIV ES VIA COPE REARRAHSF.MErU OF ΜΕΖΉΑλ'ΟΙNDFKOnES 
A general problem a s s o c i a t e d w i t h the p r e p a r a t i o n 
of d i h y d r o i n d e n o n e s i s t h e i r i n h e r e n t thermal l a b i l i t y . 
On h e a t i n g they e a s i l y r e a r r a n g e t o t h e i r a r o m a t i c 
isomers (scheme 2 . 1 9 ) . To accompl ish the c o n v e r s i o n of 
methanoindenones _Π i n t o di hydroindenone a c e t á i s _1 
scheme 2.19 
'оз -'-îa? 
0 0 0 0 
ι ι ι ι 
i Ζ? 
(scheme 2.3) the technique of flash vacuum thermolysis was 
employed. Especially for the synthesis of labile compounds 
this technique offers advantages over the conventional 
pyrolysis. Substrates are brought in the gas phase г>: 
vacuo, consequently concentrations are low and inter-
molecular reactions are almost excluded. Moreover, the 
products formed remain in the hot zone for a short while 
only. An illustrative example for the superiority of flash 
vacuum thermolysis (FVT) is the pyrolytic conversion of 
50 to 54: FVT results in a yield of 75 % while pyrolysis 
in an inert solvent only leads to the aromatic isomer of 
54 ( vide infra). The FVT equipment employed was developed 
in our laboratory . A detailed description is presented 
in the appendix to this chapter. 
I am gra t e f u l to dr. Jos V e r l a a k for a m i c a b l e c o l l a b o ­
ration d u r i n g the d e v e l o p m e n t of the FVT e q u i p m e n t . 
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t a b l e 2 : 2 : S y n t h e s i s o f d i h y d r o i n d e n o n e a c e t á i s f r o m m e t h a n o l n d e n o n e s 
Cope 
о 
Ri 
un d 
R, y i e l d (%) 
r e a c t i o n c o n d i t i o n s 
oven t e m p . ( 0 C ) * p r e s s u r e (mm Hg) 
11a 
50 
48 
42a 
42b 
4 2 c 
42d 
42e 
42f 
42g 
Η 
Br 
Br 
Η 
с 2 н 5 
S i ( C H - ) 
З'З 
SCH 3 
CHO 
CI 
CH(0CH 2 ; 2 
Η 
Η 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
Br 
U 
54 
55 
43a 
43b 
4 3 c 
43d 
43e 
4 3 f 
43g 
9b 
75 
95 
95 
90 
90 
35 
35 
95 
90 
4 25 
350 
475 
490 
500 
470 
450 
430 
470 
440 
1.0 
1.0 
1.0 
4 . 0 
4 . 0 
1.5 
2 .0 
1.5 
1.0 . 
1.5 . 
1 0 " 1 
1 0 " 1 
1 0 " 1 
1 0 " 1 
1 0 " 1 
1 0 " 1 
1 0 " 1 
1 0 " 1 
1 0 " 1 
1 0 " 1 
« t h e t e m p e r a t u r e s g i v e n here are v a l i d f o r samples o f aa . 0.05 g. Small d e v i a t i o n s 
f rom the values g i v e n i n the e x p e r i m e n t a l s e c t i o n are p o s s i b l e . 
A l l the methanolndenones d e s c r i b e d i n the p r e c e d i n g 
s e c t i o n were s u b j e c t e d to ( f l a s h vacuum) t h e r m o l y s i s and 
were found t o undergo Cope rearrangement and subsequent 
d e c a r b o n y l a t i o n t o g i v e the c o r r e s p o n d i n g d i h y d r o i n d e n o n e 
d e r i v a t i v e s i n good t o e x c e l l e n t y i e l d s . As e x p e c t e d the 
c'a-isomers were o b t a i n e d as was d e c i d e d from the c o u p l i n g 
c o n s t a n t J , -, of ,-α. 10.5 H?, which i s c h a r a c t e r i s t i c j a , /a .
 6 2 
f o r t h i s k i n d of systems' ' . The r e s u l t s are summarized 
i n t a b l e 2 . 2 . 
A l l di h y d r o i ndenone a c e t á i s except two (55 and _43e) 
are v iscous o i l s a t room tempe ra tu re . They a romat ize 
e a s i l y when heated and are not s t a b l e towards a c i d i c 
reagents such as s i l i c a . Consequen t l y , p u r i f i c a t i o n by 
chromatography and /o r r e c r y s t a l 1 i z a t i o n t u rned out to be 
d i f f i c u l t . For t h i s reason the s t a r t i n g m a t e r i a l s must 
be as pure as p o s s i b l e and the FVT c o n d i t i o n s c a r e f u l l y 
c o n t r o l l e d . A too h igh tempera ture d u r i n g p y r o l y s i s causes 
p a r t i a l or complete a r o m a t i z a t i o n o f the i n i t i a l l y formed 
d i hyd ro i ndenone , w h i l e a too low tempera tu re leads to a 
p roduc t con tamina ted w i t h s t a r t i n g s u b s t r a t e . Of ten a 
d e v i a t i o n o f 10 0C f rom the optimum FVT tempera tu re 
r e s u l t s in a s u b s t a n t i a l i nc rease o f b y - p r o d u c t s , as does 
a change in p r e s s u r e . The i n f l u e n c e of the expe r imen ta l 
c o n d i t i o n s i s i l l u s t r a t e d i n t a b l e 2.3 and 2.4 f o r two 
s u b s t r a t e s . 
t a b l e 2 . 3 : P y r o l y s i s o f methanoindenone 42a acco rd ing to 
scheme 2.12 (oven t e m p e r a t u r e : 490 C) 
pressure (mm Hg) 
1.5 . 10"1 
3.0 . 10"1 
4.0 . 10"1 
42a (%)* 
1.4 
1.5 
3.5 
43a (%)* 
89.2 
93.7 
95.9 
arom. prod. 56 (%)* 
9.4 
3.3 
0.6 
* y i e l d s determined by GLC 
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t a b l e 2 . 4 : P y r o l y s i s o f methanol'η denone 42c a c c o r d i n g t o 
scheme 2.12 ( p r e s s u r e : 1.0 . 10" mm Hg) 
temperature (0C) 
460 
470 
490 
42c(%)* 
14 
3 
0 
4 3c (%)* 
82 
90 
75 
other compounds (%)* 
4 
7 
25 
* y i e l d s d e t e r m i n e d by NMR 
P a r t i c u l a r l y , the s y n t h e s i s of j^4 f rom j>0 proceeds very 
t r o u b l e s o m e . No c o n d i t i o n c o u l d be e s t a b l i s h e d , t h a t a t 
the same t ime gave complete c o n v e r s i o n o f 5J) and no a r o -
m a t i z a t i o n o f j>4. Under optimum c i r c u m s t a n c e s the y i e l d 
o f J54 amounted t o 75 %; the remainder of the FVT p r o d u c t 
c o n s i s t e d of a m i x t u r e of n e a r l y equal amounts of methano-
indenone JH) and t h e a r o m a t i z e d isomer of £ 4 . At tempted 
p y r o l y s i s i n i n e r t s o l v e n t s , such as xy lene and d e c a l i n e , 
gave o n l y unchanged s t a r t i n g m a t e r i a l 50 and/or a r o m a t i z e d 
p r o d u c t ( s ) . Compound ^ 4 i t s e l f i s very l a b i l e , i t aroma­
t i z e s c o m p l e t e l y w i t h i n two h o u r s . 
The p a r e n t d i h y d r o i n d e n o n e a c e t a l la i s r e a s o n a b l y s t a b l e ; 
i t can be d i s t i l l e d under reduced p r e s s u r e . However, when 
l a r g e q u a n t i t i e s of s t a r t i n g compound 11a and/or i n d a n - 1 -
one e t h y l e n e a c e t a l are p r e s e n t no s a t i s f a c t o r y s e p a r a ­
t i o n i s o b t a i n e d . 
Upon p y r o l y s i s o f 4 2 b , 42c and 4 2 d , bes ides the a r o m a t i c 
p r o d u c t s 56h, 56c and 56d, r e s p e c t i v e l y , some minor and 
u n i d e n t i f i e d b y - p r o d u c t s were f o r m e d . 
When 42e was p y r o l y z e d i n the usual manner p r o d u c t 43e 
was o n l y o b t a i n e d i n a moderate y i e l d due t o decompo­
s i t i o n of s t a r t i n g s u b s t r a t e d u r i n g the p r e h e a t i n g p r o ­
cess ( t e m p e r a t u r e o f the preheated b u l b σα. 115 0 C ) . In 
o r d e r t o a v o i d t h i s c o m p l i c a t i o n s u b s t r a t e 42e was sub­
j e c t e d t o the f o l l o w i n g p r e t r e a t m e n t . The s u b s t r a t e was 
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p laced in the sample bu lb and d i s s o l v e d i n d i c h l o r o m e -
thane ; then g lass beads (d iamete r 3 mm) were added and 
the s o l v e n t removed by means o f a r o t a r y e v a p o r a t o r l e a -
v ing the s u b s t r a t e as a t h i n l a y e r on the beads and g lass 
w a l l o f the v e s s e l . In t h i s manner decompos i t ion o f 42e 
d u r i n g p r e h e a t i n g of the sample bu lb cou ld be l i m i t e d to 
about 15 % f o r a p y r o l y s i s sca le up to oa. 0.5 g. 
S i m i l a r l y , compound 42g was p r e t r e a t e d p r i o r to FVT how-
e v e r , the b e n e f i c i a l e f f e c t was less pronounced. I t shou ld 
a l so be n o t e d , t h a t the r e s u l t i n g d ihyd ro indenone b i s -
a c e t a l 43g i s s e n s i t i v e to mo is tu re caus ing h y d r o l y s i s to 
43e. 
Cope rear rangement and subsequent d e c a r b o n y l a t i o n o f 
methanoindenone a c e t á i s i t s e l f cannot be s t u d i e d by s imp le 
s p e c t r o s c o p i c methods. To gain more i n s i g h t i n these p r o -
cesses the " u n s y m m e t r i c a l l y " s u b s t i t u t e d diones 49 and ^2 
were s u b j e c t e d to t h e r m o l y s i s under a v a r i e t y o f c o n d i -
t i o n s . The c o n v e r s i o n s , t h a t can be env i saged , 
are d e p i c t e d i n scheme 2 . 2 0 . 
The r e s u l t s o b t a i n e d f o r the thermolys is o f £9 and 5_2 
are summarized in t a b l e 2 . 5 -
t a b l e 2 . 5 : Cope rearrangement of methanoindenediones 49 
and 52^  a c c o r d i n g to scheme 2.20 
( p r e s s u r e : 1.0 . 10" mm Hg) 
starti ng 
compound 
49 
49 
49 
49 
49 
52 
oven tempe-
rature (0C) 
175 
250 
300 
350 
400 
350 
products 
49 + 52 
(yield) 
100 
50 
-
-
" 
-
57 + 58 
(yield) 
-
50 
100 
100 
90 
100 
59 + 60 
(yield) 
-
-
-
-
10 
-
rati о 
29:71 
25:75 
26:74 
23:77 
29:71 
15:85 
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scheme 2 . 2 0 
57 
І9 0 Br 
Br 
©7-
О 
59 
52 О 
Br t 
The p r o d u c t r a t i o ' s were d e t e r m i n e d by measur ing the peak 
area o f the H ( 3 ) - a b s o r p t i o n s i n the NMR s p e c t r u m . 
These d a t a a l l o w the c o n c l u s i o n t h a t on h e a t i n g of 
49 f i r s t an e q u i l i b r i u m w i t h ^ 2 i s e s t a b l i s h e d . Compound 
52 i s p r e d o m i n a t i n g , which i m p l i e s t h a t i t i s the thermo-
d y n a m i c a l l y more s t a b l e component. I n c r e a s i n g the tempera­
t u r e t o 250 0C causes p a r t i a l d e c a r b o n y l a t i o n . Above 
300 0C a l l s t a r t i n g m a t e r i a l i s b e i n g consumed. However, the 
r a t i o of di h y d r o i ndenones 5_7 and j>8 remains c o n s t a n t . 
T h i s means t h a t , w i t h i n the t e m p e r a t u r e range i n v e s t i g a t e d , 
f i r s t an e q u i l i b r i u m i s e s t a b l i shed via a Cope r e a r r a n g e -
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ment and t h a t i n a subsequent s t e p CO e x t r u s i o n takes p l a c e . 
The c o n d i t i o n s employed t o o b t a i n optimum y i e l d s o f d i -
h y d r o i ndenone d e r i v a t i v e s from 49 and i t s C ( 8 ) - a c e t a l j>0 
are a lmost the same. This p o i n t s t o the CO e l i m i n a t i o n 
a l s o b e i n g the r a t e d e t e r m i n i n g s t e p i n the t h e r m o l y s i s 
of ^ 0 to 5_4. I f the o c c u r r e n c e of the Cope r e a r r a n g e m e n t 
had been d e c i s i v e , one would e x p e c t a more marked d i f f e ­
rence . 
The e x p e r i m e n t w i t h compound ^ 2 shows a some­
what d i f f e r e n t r a t i o . In o r d e r t o o b t a i n a s a t i s f a c t o r y 
c o n v e r s i o n r a t e the t e m p e r a t u r e i n t h e p r e h e a t i n g zone 
d u r i n g t h e r m o l y s i s of J^ 2 has t o be a t l e a s t 60 С 
C o n t r a r y t o ^ 9 the methanoindenedi one 52_ i s n o t s t a b l e at 
t h a t t e m p e r a t u r e and presumably a smal l p o r t i o n of i t 
has a l r e a d y been d e c a r b o n y l a t e d , w i t h o u t h a v i n g undergone 
Cope r e a r r a n g e m e n t , b e f o r e e n t e r i n g the oven t u b e . 
In the hot zone ( t = 350 C) the remainder o f the s t a r t i n g 
compound 5^ then g i v e s the same e q u i l i b r i u m m i x t u r e as 
o b t a i n e d f rom s u b s t r a t e 49. 
The p a r e n t methanolndenedione 10a e x h i b i t s a s i m i l a r 
d i f f e r e n c e between d e c a r b o n y l a t i o n i n a m e l t or i n an 
i n e r t s o l v e n t (100-120 C ) 6 3 and d u r i n g f l a s h vacuum 
t h e r m o l y s i s (270 0 C) 1 8 b . 
In summary, the FVT t e c h n i que enables the s y n t h e s i s o f 
a v a r i e t y o f f u n c t i o n a l i zed d i h y d r o i n d e n o n e s f r o m metha-
noindenone p r e c u r s o r s ; g e n e r a l l y , y i e l d s are h i g h and the 
f o r m a t i o n o f secondary ( a r o m a t i c ) p r o d u c t s i s a lmost 
c o m p l e t e l y s u p p r e s s e d . Again FVT has showed i t s g r e a t v a l u e 
as a s y n t h e t i c method i n the p r e p a r a t i o n of l a b i l e com­
pounds . 
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2 . 't EXpnUMkïJTAL 
General 
Apparatus 
Ή NMR spectra were recorded on a Varían EM-390, a Hitachi Perkin-
Elmer R-2kB or a Bruker WH-90 spectrometer with (CHj.Si (δ = 0) 
as an internal standard; the chemical shifts and coupling constants 
were obtained by first-order analysis. The shape of the NMR 
absorptions is given by the following abbreviations: s = singlet, 
d = doublet, t = triplet; q = quartet; m = multiplet; dd = doublet of 
doublet; ddd = doublet of doublet of doublet; br = broad. 
1 3C NMR spectra were recorded on a Bruker WP-60 spectrometer with 
(CH,),Si as an internal standard. 
IR spectra were measured with a Perkin-Elmer 298 or 397 infrared 
spectrophotometer. 
UV spectra were taken on a Perkin-Elmer 555 spectrophotometer; ε 
values were determined only for pure compounds. 
Mass spectra were obtained with a double-focussing Varían MAT SM-1B, 
an ΑΕΙ MS 9-02, or a Finningan 3100 GC/MS spectrometer; 
the molecular ion peaks are given for 3 5C1 and 7 9Br. 
A Hewlett-Packard 5710 A gas Chromatograph connected with a Hewlett-
Packard 3390 A integrator was used for the GLC analyses. 
Melting points were determined with a Reichert melting point 
microscope and are not corrected. 
Elemental analyses were performed in the microanalytical laboratory. 
Flash vacuum thermolysis (FVT) was carried out with the equipment 
described in the appendix of this chapter. Unless stated otherwise 
the hot zone glass tube was not filled with glass beads. 
Materials 
For t h i n - l a y e r and t h i c k - l a y e r chromatography precoated Merck s i l i c a -
-kb-
gel F 254 plates, thickness 0.2, 0.25, 0.5 and 2.0 mm 
(art. nr. 5735, S?!'*, 571*'» and 5717) were used. Merck Kieselgel 
60 (7О-23О mesh ASTM) or Merck Fiorisi! (60-100 mesh ASTM) was used 
for column chromatography. 
Technical dichloromethane was purified by distillation form P^O-; 
technical diethyl etherwas dried on CaCK and then distilled from 
CaH„; dioxane "reinst" was distilled from sodium, hydrocarbons 
were distilled from CaH.; tetrahydrofuran (THF) p.a. was distilled 
from NaH or LiALH,. Dimethylformamide p.a. was stirred with powdered 
BaO for 2*4 hours, decanted and distilled under reduced pressure, 
discarding the first and last 10 % of the distillate. 
Syntheses 
Lyclopentanone ethylene aaetal 44_ 
This compound was prepared form cyclopentanone in 60 - 70 % 
yield as described in Organi kum61*, bp 152-15^ C. 
P.yS-Dibromoayalopentanone ethylene ааегаі 4b_ 
This compound was prepared by a modification of the method used by 
Chapman ötaZ.1*8. Cyclopentanone ethylene acetal kk_ (64.0 g, 0.5 mol) 
dissolved in pure dioxane (0.5 1) under nitrogen was cooled to 
5-7 C. While keeping the temperature below 10 C, bromine 
(51.5 ml, 1.0 mol) was gradually added with stirring (1.5 h ) . 
Then, two-third of the solvent was removed ir. wz'iuc , the resulting 
solution poured into saturated aqueous NaHCO, (0.5 1) and extracted 
with ether (5 x 150 ml). The combined organic layers were washed 
with water (3 x 100 ml) and dried (MgSO,). Evaporation of the 
ether gave a brown-yellow oil, which was purified by adding 
benzene (25 ml) and filtering through a short silica column 
(eluent benzene), to give a 1:1 mixture of r-tc- and irans-2,5-
d ibromocyc lopen tanone ethylene acetal jt¿ (ІЙ.О g, 80 %) . 
Crystallization from ethanol yielded the pure irans-isomer : 
mp 67-68 0 C (lit."8 бг-б^ 0 C ) . Ή NMR (d^DMSO) : δ 1.75-2.40 (m, ΊΗ) ; 
-kl-
6 't.13 ( s , l»H); 6 Ί . 2 7 - 4 . 5 5 (m, 2Η) . m/e: 2bk (M + ). 
The f i s - i s o m e r could be obtained in the pure s t a t e by column 
chromatography ( s i l i c a g e l , benzene): mp 28.5-29-5 C. 1H NMR 
(d6-DMS0): & 1.67-2.22 (m, 2H); 6 2.22-2.79 (m, 2H); δ 3.79-4.20 
(sym. m, l»H) ; δ 4.26-4.63 (m, 2H). m/e: 284 (M+) . 
endo-¿a,4, /, 7a-Tetrahydro - 4, 7-metkanoíndene-l, 8-díone bisethylene 
асе tal 46_ 
The procedure descr ibed by Chapman et α/ . 1 * 6 f o r the p r e p a r a t i o n 
of t h i s compound was somewhat m o d i f i e d . A s o l u t i o n of the dibromo 
a c e t a l 45 (280.4 g , 0.98 mol) in methanol (500 ml) was g r a d u a l l y 
added to an i c e - c o l d methanol ic s o l u t i o n o f sodium methoxide, 
o b t a i n e d by r e a c t i o n of sodium (133-4 g , 5-8 mol) w i t h methanol 
(1.5 1) · During the a d d i t i o n (1 h) the temperature was kept below 
10 C. The m i x t u r e was then heated under r e f l u x f o r 9 h , cooled and 
f i l t e r e d . The volume of the f i l t r a t e was reduced to one-third by con­
c e n t r a t i o n in jaauoy poured i n t o water (3.0 1) and e x t r a c t e d w i t h 
e t h e r (5 χ 250 m l ) . The combined e t h e r a l s o l u t i o n s were washed 
w i t h water (3 x 100 ml) and d r i e d (MgSO^) . A f t e r evaporat ion of the 
s o l v e n t the residue was washed w i t h hexane (200 ml) to g ive 
almost pure46^ (87-9 g, 72 %) . A sma 11 p o r t i on was c r y s t a l 1 i zed 
from ethanol w i t h e x c l u s i o n of m o i s t u r e : mp 91-92 С ( l i t . 1 8 92 C) . 
Ή NMR (CDCl ) : δ 2.56-2.82 (m, 2H); δ 2.90 ( d d , I H ) ; δ 3.30-3-60 
(m, I H ) ; δ 3-65-4.10 (m, acetal p r o t o n s ) ; δ 5-61 (dd, I H ) ; 
δ 5.73-5.95 (m, 2Η); δ 6.11-6.30 (m, I H ) . 
endo-3a, 4, 7, 7a-Tptvahydro-4, V-tiethanoindene-l,8-dione 8-ethylene 
aoetal lia 
This compound was prepared by s e l e c t i v e h y d r o l y s i s as descr ibed by 
Vogel and Wyes1 6 . The b i s e t h y l e n e a c e t a l 46 (45.0 g , 0.18 mol) 
d i s s o l v e d in THF (450 ml) was hydrolyzed w i t h concentrated h y ­
d r o c h l o r i c aci d (45 ml) at room temperature f o r 1 h. The r e a c t i o n 
m i x t u r e was poured i n t o water (100 ml) and e x t r a c t e d w i t h 
dichloromethane (5 χ 300 m l ) . 
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The c o m b i n e d o r g a n i c l a y e r s w e r e washed w i t h s a t u r a t e d aqueous 
NaHCO (2 χ 50 ml) and d r i e d ( M g S O , ) . E v a p o r a t i o n o f t h e s o l v e n t 
and c r y s t a l l i z a t i o n ( e t h a n o l ) a f f o r d e d t h e m o n o - k e t o n e 11a 
( 3 3 - 7 g , 91 'i) : mp 92.5-9 '» 0 C ( l i t . 1 8 9 ^ - 9 5 0 C ) . ; H NMR (CDC1 ) ; 
б 2 . 7 0 - 2 . 9 0 (m, I H ) ; δ 2 . 9 0 - 3 - 1 1 (m, 2 Η ) ; δ З - ^ б - З - б ? (m, I H ) ; 
б 3 - 6 7 - ' * . 0 6 ( s y m . m, a c e L a l p r o t o n s ) ; δ 5 . 7 4 - 6 . 1 9 (m, ЗН, i n c l u d e s 
a dd a t δ 6 . 0 8 , Н^ , J 2 = 5-7 Hz, J 2 = 1.4 H z ) ; δ 7-30 ( d d , 
H , , J , , = 2 · 7 H z ) . i J ' c NMR ( C D C l J : '- 4 4 . 8 , 4 7 . 1 , 4 8 . 4 , 49 3 ( C , , , 
Я ' 3.За 3 J a 
С , , Су, С . ) ; ό 6 4 . 4 , 6 4 . 3 ( a c e t a l c a r b o n a t o m s ) ; б 1 2 7 . 6 ( C g ) , 
« 1 3 0 . 4 , 130.5 ( C s , C 6 ) ; « 138-7 ( C 2 ) ; S 1 6 2 . 9 ( С ^ ; & 2 0 9 . 3 ( С , ) . 
IR ( K B r ) : 3 0 6 4 , 3 0 5 5 , 1 6 9 3 , 1580 c m " ' , m/e: 204 ( M + ) . 
ι Kit >-2-'-<t'rm ι-, ι , - , ' , ι- 'inh^Jï'o- ,"-η, ri it ,ι ^і-І,-—:! », 
- Jly , г ( < ·· - 7 " ^ _ 
A s o l u t i o n o f b r o m i n e ( 3 . 2 3 m l , 0 . 0 6 3 m o l ) i n CCI, (75 ml) was added 
r a p i d l y w i t h s t i r r i n g t o a s o l u t i o n o f 11 a ( 1 2 . 8 7 g , 0 . 0 6 3 m o l ) i n 
CCI, (25O m l ) . The m i x t u r e was s t i r r e d f o r 15 m i n a t room t e m p e r a ­
t u r e ; d u r i n g t h a t t i m e t h e c o l o u r c h a n g e d f r o m r e d t o y e l l o w - o r a n g e . 
A s o l u t i o n o f t r i e t h y 1 ami ne ( 1 2 . 6 3 g , 0 . 1 2 5 m o l ) i n CCI, (25 ml) was 
t h e n a d d e d ; a w h i t e p r e c i p i t a t e was f o r m e d i m m e d i a t e l y . The r e a c t i o n 
m i x t u r e was s t i r r e d f o r a f u r t h e r t h r e e h o u r s , t h e t r i e t h y 1 ami ne 
s a l t was f i l t e r e d o f f and washed w i t h C C I , . The f i l t r a t e was washed 
w i t h s a t u r a t e d aqueous NH.C1 (2 χ 50 m l ) , t h e aqueous w a s h i n g s w e r e 
e x t r a c t e d w i t h e t h e r (3 x 75 m l ) , t h e c o m b i n e d o r g a n i c l a y e r s w e r e 
d r i e d (MgSO,) and f i l t e r e d , and f i n a l l y t h e s o l v e n t was r e m o v e d . 
C r y s t a l l i z a t i o n o f t h e r e s i d u e ( 2 - p r o p a n o l ) gave t h e b r o m o k e t o n e 50 
( І 5 . З 8 g , 86 /a) as a w h i t e s o l i d : mp 9 7 - 9 8 . 5 0 C ( 1 i t . " 9 9 4 - 9 7 0 C ) . 
^ NMR (CDC1 ) : 6 2 . 7 7 - 2 . 9 5 (m, I H ) ; S 2 . 9 8 - 3 - 1 7 (m, 2 H ) ; Л 3 - 3 5 - 3 - 6 8 
(m, I H ) ; б 3 - 7 1 - 4 . 1 0 ( s y m . m, a c e t a l p r o t o n s ) ; Л 5 - 8 2 - 6 . 1 3 (m, H and 
H j ; δ 7-48 ( d , H , , J , , , = 2 . 5 H z ) . 1 3 C NMR ( C D C l J ; б 4 3 - 6 , 4 5 - 8 , b 3 3 3a 3 
48.6, 49.7 (С, , С,, С С, ); б 64.5, 65-0 (acetal carbon atoms); Ja ц j /а 
δ 127.1 (Cg); б 129-3 (C 2); δ 130.9 (С, and С6) ; '" 160-7 (CJ ; ^  200.9 
(С,). IR (KBr): 3058, І71З, 1668, 1577 cm"1, m/e: 282 (M +). Anal. cale. 
for C 1 1H 1 2BrO · С, 50.91; Η, 3-92; found С, 51.08; Η, 3-91 '/· 
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rtMO-í-BiO·". -¿a, 4, 7, 7л-tetvahydro-4, 7-methanoindene-l, S-dione 49_ 
A s t i r r e d suspension of the monoacetal 50_ ( 2 . 0 g , 7-07 rnmol) in 
concentrated h y d r o c h l o r i c ac id (25 ml) was heated under r e f l u x f o r 
30 min and then al lowed to a t t a i n room temperature. The r e a c t i o n 
m i x t u r e was e x t r a c t e d w i t h dichloromethane (5 χ 50 ml) and the 
combined o r g a n i c layers were washed w i t h s a t u r a t e d aqueous NaHCO, 
(10 ml) and water (10 m l ) , and subsequently d r i e d (MgSO, ) . 
Evaporat ion of the s o l v e n t a f f o r d e d almost pure ^ 9 (1.6 g, 95 %) · 
A small p o r t i o n was c r y s t a l ¡ z e d from e t h e r : m p 120-122 0C (dec) 
( l i t . 4 ' ' 122-121» 0 C ) . 1Н NMR ( C D C l J : δ 3.06 ( d d , IH, J = 6.0 Hz, 
J = 't.8 Hz) ; 6 З.21-3.32 (m, I H ) ; δ 3 . ^ - 3 . 5 8 (m, 2H); δ 6 .20-6 .¿й 
(sym. m, Hc and H j ; δ 7.50 ( d , Η,, J , , = 2.9 Hz). IR (KBr) : 
3080, 3060, 3016, 1788, 1770, 1708, 1578 cm" . m/e: 238 (M ) . 
A n a l . c a l e , f o r C 1 0 H 7 B r 0 2 : C, 50.24; H, 2.95; found C, 50.30; 
H, 2.87 %. 
2,2,5-ГггЪготосуоІорек апопе ethylene acetal f7_ 
This compound was prepared from cyclopentanone ethy lene acetal and 
t h r e e moles of bromine in 54 % y i e l d accord ing to the procedure of 
Chapman et al.''B. Contrary t o t h e i r procedure the r e a c t i o n m i x t u r e 
was not poured i n t o aqueous NaHCO, but i n t o water i n s t e a d ; mp 
74-77 0C ( l i t . ' * 8 76-78 0 C ) . 
Sometimes the product f a i l e d to s o l i d i f y . In t h a t case the o i l was 
taken up in d ich loromethane, e x t r a c t e d w i t h s a t u r a t e d aqueous NaHCO, 
and d r i e d . Evaporat ion of the s o l v e n t gave crude m a t e r i a l , s u i t a b l e 
f o r f u r t h e r e x p e r i m e n t a t i o n . 
endo-2, 4-Dibromo-Za, 4, ?, 7a-teti,ahi/dro-4, Т-щьЬЬ.апогпааг.р,-1, 8-diorie 
Lio e thy lene acetal 41_ 
This compound was prepared from W]_ as descr ibed by Chapman et αϊ.**; 
y i e l d 88 %, mp 176-177 0C ( l i t . " 8 172-174 0 C) . lH NMR ( C D C l J : 
δ 2.60-2.78 (m, Η , ) ; δ 3-04 (dd, Η, . J , -, = 7.4 Hz, J , , = 4.7 Hz) 
δ 3-47 ( d d . H, , J 7 , = 2.4 Hz); δ 3-73-4.33 (m, acetal p r o t o n s ) ; 
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δ 5.81 (dd, H c , J c , = 6.6 Hz, J r -, = 1.1 Hz); δ 6.05 ( d , H , ) ; 
6 6.18 ( d d , H 6 , J 6 = 3.9 Hz), 
endo-i^'i-DÎbrono-ia^iij Zj 7a-te trahydro-4, '•>-Tnetkanoindene-l1o-dione 
8-ethylene aaeial 48_ 
Se lec t i ve hyd ro l ys i s of dibromo b isaceta l kj_ was rea l i zed by the 
method descr ibed for the parent compound 1 la app ly ing a reac t ion 
time o f 18 h · Crys ta l 1 i z a t i o n from ethanol gave pure ^6 (93 %) 
mp 171-173 0C ( l i t . 6 5 172-173 0C) . 'H NMR ( C D C I J : δ 2.97-3.10 
(m, H ) ; δ 3.19 ( t , H 7 a ) ; δ 3-62 (dd, Н ^ , ^ ^ = 2.9 Hz, 
J 3 = 5.1 Hz); δ 3.80-'t.37 (m, acetal p r o t o n s ) ; δ 5.82-6.10 
( m , Ή and H6) ; δ 7-57 ( d , H j . 13C NMR (CDCL·): δ i i 7 . 1 , 4 7 . 9 , 51-9 
(С , С С 7 а ) ; δ 6 5 . 6 , 66.2 (acetal carbon atoms); δ 126.8 (C f i) ; 
δ 1330.2, Π*»3.7 ( C 5 , С б ) ; δ 131.0 ( C 2 ) ; δ 157-6 ( C j ) ; δ 199.0 ( С , ) ; Cj, 
is not v i s i b l e ; IR ( K B r ) : 3085, 1717, 1678, 1585 c m " 1 , m/e: 360 ( M + ) . 
Standard procedure f o r p r e p a r i n g С ( 2 ) - s u b s t i t u t e d A ^ - m e t h a n o i ndene-
1,8-dione d e r i v a t i v e s 
endo-4-ßrorio-oa, 4, 7, 7a-tetrahydro-4, 7-me thanoindene-1 > 8-dione 
bissihylene anetal bla 
A s t i r r e d s o l u t i o n o f dibromo b isaceta l k1 (4.06 g , 0.01 mo1) in 
dry THF (50 ml) under a slow n i t rogen stream was cooled to -78 С 
and wBuLi (7.0 ml of a 1.6 M s o l u t i o n in hexane, 0.011 mol) was 
r a p i d l y added. The m i x t u r e was al lowed to warm up to - 25 C, kept 
a t t h i s temperature f o r 30 min and then cooled t o -78 С a g a i n . 
Water (0.5 nil) was added, the mixture was al lowed to a t t a i n room 
temperature and s t i r r e d o v e r n i g h t . Evaporat ion of the THF gave a brown 
o i l , t h a t was taken up in d¡chloromethane (150 ml) and washed w i t h 
water (3 x 20 m l ) . The combined aqueous layers were washed w i t h 
d ich loromethane (3 χ 30 m l ) , then the organic layers were combined 
and d r i e d (MgSO, ) . F i n a l l y , the s o l v e n t was evaporated t o leave a 
y e l l o w - w h i t e s o l i d , which was c r y s t a l l i z e d from 2-propanol under 
e x c l u s i o n of i r o i s t u r e y i e l d i n g pure 51a (2.73 g , 83 % ) : mp 120-122 0C 
- 5 1 -
( l i t . 5 2 121-123 0 c ) . 'H NMR (CDCK): & 2.58-2.77 (m, H ) ; δ 2.96 
(dd, Н^ , J = 7.3 Hz, J,, _ = 4 . Ì Hz) ; δ З.^Э-З^О (sym. m, H ι ; 
δ З ^ А - ^ . З З (m, a c e t a l p r o t o n s ) ; δ 5.61-5.34 (m, 2H) ; δ 5-91 ( d d , IH, 
J = 5.8 Hz, J = 2.1 Hz); δ 6.11 (dd, IH, J = 6.3 Hz, J = 3-6 Hz). 
m/e: 326 ( M + ) . 
епао-4-"гопо-ел14, 7, 7a-^Pivar.ydvo-4, 7-™.&thanoi.ï\aene-~l,В dione 
S-eihylene acebal 4'ia 
The combined pure and impure f r a c t i o n s of 51a obta ined in the previous 
experiment were s e l e c t i v e l y hydrolyzed analogous to the procedure 
used f o r compound 11a. This a f f o r d e d a f t e r c r y s t a l l i z a t i o n 
(2-propanol) the pure monoketone k2a (2.41 g , 85 % based on 4 l ) : 
mp 121-122.5 0C ( l i t . 5 2 117-119 0 C ) . 'H NMR (CDCl ) : δ 2.87-3.22 
(m, 2H); δ 3.57-3-78 (m, I H ) ; δ 3.78-4.38 (m, a c e t a l p r o l o n s ) ; 
δ 5.77-6.10 (m, 2Η); δ 6.22 (dd, H 2 , J 2 = 5-7 Hz, J 2 3 a = 1.5 Hz) ; 
δ 7.49 (dd, H., J , , = 2.6 Hz). 1 3C NMR (CDCl,) : δ 4 7 І 6 , 4 8 . 5 , 
i i,ja i 
53.1 ( С , , С , С ) ; δ 6 5 . 6 , 66.2 (aceta l carbon atoms); δ 66.6 ( С . ) ; 
δ 127.2 (Cg); δ 130.0, 134.3, 139.8 ( C 2 , С^, С J ; δ 160.3 (Cj) ; 
δ 207.8 ( C j ) . IR ( К В г ) : 3070, 1701, 1б10, 1581 c m " 1 , m/e: 282 ( M + ) . 
A n a l . c a l e , f o r C^H BrO,: С, 5 0 . 9 1 ; Η, 3-92; found С, 5 1 . 0 1 ; 
Η, 3.98 %. 
"ndo-'t-Hrono-Za, 4, 7, 7a-tetrakydro-'i, ¡-metha/ioindene-l,3- liane 5? 
S u l f u r i c ac id (75 %, 2.5 ml) was added w i t h s t i r r i n g to 42a 
(0.141 g, 0.5 mmol). The colour of the mix tu re immediately 
turned red-brown wh i l e the s t a r t i n g mater ia ! d i s s o l v e d . A f t e r 
s t i r r i n g i t f o r 5 days the reac t ion mix tu re was poured onto 
ice (10 g) and ex t rac ted w i t h di ehloromethane (5 x 40 m l ) . The 
combined organ ic layers were washed w i t h sa tura ted aqueous NaHCO 
( 2 x 5 ml) and d r i e d (MgSO. ) . Evaporat ion o f the so lvent gave in 
almost q u a n t i t a t i v e y i e l d a yel low o i l which consis ted mainly 
o f the dione j^2 together w i t h some s t a r t i n g m a t e r i a l . The compound 
was used w i thou t f u r t h e r p u r i f i c a t i o n in a FVT experiment. 
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'H NMR ( C D C l J : δ 2.93-3.15 (m, I H ) ; δ 3.33-3.67 (m, 2Η) ; δ б . Й - б . ^ 
(m, 2Н); 6 . í i8(dd, H j , J 2 = 5.5 Hz, J2^a = 1.3 Hz) ; δ 7-55 ( d d , H j , 
J 7 = 2.5 Hz). IR (Nac í ) : 3078, 1800, 1775, 1710, 1581 cm" 1 , m/e: 3,33 
238 (M ) ; accurate mass c a l e , f o r C^H BrO. 237,9629; found 237,9620. 
endo-4-Bromo-2-ethyl-¿a, 4, 7',7a-tetrahydro-4, 7-methanrindene-l,8-dion? 
bisethylene aoetal 51b 
The 2-ethy l d e r i v a t i v e was synthesized in the same way as descr ibed 
fo r the parent compound 5J_a, using 4.06 g (0.01 mol) 4_1_, 7·0 ml 
(0.011 mol) nBuLi s o l u t i o n and k.O ml (0.05 mol) e thy l iod ide 
( A l d r i c h ) . C r y s t a l l i z a t i o n from ethanol gave 2.55 g (72 %) pure 51b : 
mp I I 5 . 5 - I I 7 . 5 0 C. lH NMR (CDC1 ) : 6 1.04 ( t , CH CH2 - , J = 6.9 Hz) ; 
δ 1.77-2.13 (m, CH,CH,-) ; δ 2.53-2.72 (m, H j ; δ 2.Э1» (dd, H7 , J , 7 = 
7.2 Hz, J
 Ί
 = 't.5 Hz); δ 3.35-3.61 (m, H ) ; δ 3.74-4.35 (m, a c e t a l /»/a ja 
( p r o t o n s ) ; δ 5.43-5.63 (m, H ) ; δ 5-73 ( d d , Ης, J 5 ; 6 = 6.5 Hz, J 5 > 7 = 
0.7 Hz); δ 6.07 ( d d , H 6 , J 6 = 3-6 Hz), m/e: 354 ( M + ) . 
endo-4-Bromo-2-ethyl-¿a, 43 73 7a- te trahydro-4, 7-methanoirìdene-ì, 8-dione 
8-eikylene acetal 4?Ъ 
The pure and impure f r a c t i o n s of the previous experiment were 
combined, d i s s o l v e d i n THF (35 ml) and concentrated h y d r o c h l o r i c 
acid (З.5 ml) was added. The m i x t u r e was s t i r r e d f o r 24 h. at 
room temperature, c a r e f u l l y n e u t r a l i z e d w i t h s o l i d NaHCO,, f i l t e r e d 
and c o n c e n t r a t e d . The r e s u l t i n g o i l was taken up i n dichloromethane 
(ISO ml) and e x t r a c t e d w i t h water (2 χ 10 m l ) . The o r g a n i c l a y e r 
was d r i e d (MgSO.) and concentrated to g i v e a f t e r c r y s t a l l i z a t i o n 
(ethanol) the pure monoketone 42b (2.39 g , 77 % based on 4 1 ) : mp 
125-126.5 0 C . 'H NMR (CDC1 ): δ 1.03 ( t , CH ZW^, J = 7-1 Hz) ; 
δ 1.85-2.32 (m, CH-CH.-); δ 2.81-3.19 (m, Η and Η ) ; δ 3.34-3.66 J ¿- I / a 
(m, Η. ) ; δ 3.75-4.40 (m, a c e t a l p r o t o n s ) ; δ 5.72-6.06 (m, Η
Γ
 and H , ) ; 
δ 7.00-7.21 (m, Η 3 ) . 1ЭС NMR (CDCl ) : δ 11.8, 17.9 (CH CH - ) ; δ 4 7 . 7 , 
4 9 . 1 , 50.3 ( С . , С-, С ) ; δ 6 5 . 4 , 66.1 (aceta l carbon atoms); δ 67.2 
( С ^ ) ; δ 127.1 (Cg); δ 129.7, 134.3 (Cg, C 6 ) ; δ 152.1 ( C j ) ; δ 154.3 (C2) 
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5 207.1 ( С ^ . IR (КВг) : 3090, 3060, 1697, 1628 c m " 1 , m/e: ЗЮ (М+) 
A n a l . c a l e , f o r C^H BrO.: С, 54.04; H, 4 . 8 6 ; found С, 53-84; H, 
4.85 %. 
endo-4-Bromo-3-trímethyíeilyl-.ía,'íj /, 7a-tetrakydro-4, V-rnetharoindene-
l,S-dione bísethylene acebal Sic 
Treatment of 4_1_ (4.06 g, 0.01 mol) w i t h nBuLi s o l u t i o n (7.0 m l , 
0.011 mol) and subsequent reac t ion w i t h (CH-),S¡C1 (6.35 m l , 
0.05 mol) (A ld r i ch ) by the standard procedure y i e l d e d , a f t e r bulb 
to bulb d i s t i l l a t i o n , pure 51c (3-51 g , 88 %). A sma 11 port ion was 
c r y s t a l 1 ized from ethanol : mp 107.5-109 0 C . Ή NMR ( C D C l J : δ 0.06 
( s , ( : H 3 ) 3 S i - ) ; ó 2.45-2.63 (m, H ) ; δ 2.84 ( d d , Н ^ , J j 7 a = 
7.3 Hz, J 7 7 a = 4.7 Hz); δ 3.56 ( d d , H ^ , J 3 > 3 a = 2.0 Hz); 
δ 3.70-4.35 (m, aceta l p r o t o n s ) ; 6 5-63 ( d d , H ç , J 6 = 6.4 Hz, 
J r τ = 0.7 Hz); δ 5-92-6.15 (m, H, and H , ) , m/e: 398 ( M + ) . 5,/ 3 b 
endo-4-Bromo-?-irimethylsilyl-6<i, 4,7, 7a-ievrakyái-o-4, 7-metnar.oind(>ne-
1,8-dione 8-eLhylene acetal 42'; 
Hydro lys is o f the impure mater ia l from the preceding experiment, 
as descr ibed f o r 42b, produced a f t e r c r y s t a l l i z a t i o n (ethanol) pure 
42c (2.83 g , 80 % based on 4j_) : mp 130-131 0 C. ^ NMR ( C D C l J : 
δ 0.11 ( s , ( C H J - S i - ) ; δ 2.87-3-12 (m, Η., and Η., ) ; δ 3.48-3.75 i i I /a 
(m, H, ); δ 3.77-4.35 (m, aceLal protons); δ 5-71-6.05 (m, H and H,) 
6 7-48 (d, H J = 2.5 Hz). 1 3C NMR (CDClJ: δ -2.1 ( (ÇH )?Si-); 
δ 47.7, 49.6, 54.2 (С , Ζ-., С ); δ 65-5, 66.1 (acetal carbon 
atoms); δ 66.9 (С^) ; δ 127-3 (Cg) ; δ 129.9, 134.1 (С , С6) ; 
δ 154.3 (С 2); δ 167.0 (Cj) ; δ 210.9 (С^. IR (КВг): 3084, 3033, 
1696, 1652, 1576 cm"1, m/e: 354 (M +). Anal. cale, for С Η BrOjSi: 
С, 50.71; Η, 5-39; found С, 50.62; Η, 5.37 %. 
Methanesulfeny1 chloride 
This compound was synthesized from dimethyl disulfide (dried over 
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КОН) and SO-Cl. by a modi f ied procedure of B r i n z i n g e r e r a ' . 6 6 . 
A f t e r the a d d i t i o n of the SO-Cl- the m i x t u r e was kept a t О С 
f o r 1 h.and a slow stream of dry n i t r o g e n was passed through t o 
remove the SO- formed. F i n a l l y , the r e a c t i o n m i x t u r e was d i s t i l l e d 
tw ice to g ive the pure p r o d u c t . 
епаЬ-4-Вгсто-2-п;<гікуLthio-Sj., 4, 7, 7a-ieLrahydro-l, 7-rethanoindene 
l,S-dione biscthylene ajeial ¿"id 
Analogous to the prepara t ion of 51a, compound 51d was synthesized 
from k]_ (4.06 g , 0.01 mol ) , ^BuLi s o l u t i o n (7.0 m l , 0.011 mol) and 
methanesulfenyl c h l o r i d e (0.65 m l , 0.0105 mol ) . C r y s t a l l i z a t i o n 
(ethanol ) gave the pure product (3-05 g, 82 %): mp 164.5-166 0C. 
Ή NMR (CDCl ) : δ 2.25 ( s , CH S-) ; δ 2.56-2.78 (m, H ) ; δ 3-09 
( d d
'
 H 7 a · Jla,7a = 7 · 5 H z ' 'l,7a = ^ 8 Н г ) ; δ 3 · 5 7 ( d d · % · 
J
 3 = 2.3 Hz) ; δ 3-74-4.33 (m, a c e t a l p r o t o n s ) ; δ 5-40 ( d , H ) ; 
δ 5-77 (dd. H-, J,- , = 6.5 Hz, J , , = 0.9 H z ) ; δ 6.16 (dd. H., 
J 6 = 3.6 H z ) , m/e: 372 (M ) . 
¿ndo-t-Brorno-'A-ricthylthio-oa, ~, 7, /i-triraiy ir")-¿, 7-rie 'Jiawindene 
Iji-dione b-cthy'cne abetal 'Hid 
A l l the mater ia l from the preceding experiment was hydrolyzed accor-
d ing to the procedure used for the prepara t ion of compound 42b. 
C r y s t a l l i z a t i o n f rom ethanol resul ted in pure 42d (2.57 9, 78 % 
based on 4_0 : mp 147.5-149 0 C. Ή NMR ( C ù C l J : Λ 2.30 ( s , CH-S-) ; 
δ 2.90-3.12 (m, H j ; δ 3-18 ( t , »-.); δ 3-63 (dd, H, , J , , = / /a ja ),за 
3.0 Hz, J = 6.2 Hz); δ 3.78-4.36 (m, aceta l p r o t o n s ) ; δ 5-76-
6.07 (m, H c 'and H , ) ; δ 6.81 ( d , H j . : 3 C NMR (CDCl,): δ 13-7 (CH,S-) ; 5 b 3 3 — 3 
δ 47-9, 4 9 . 3 , 51.4 (С , С , С ) ; δ 6 5 . 4 , 66.2 ( a c e t a l carbon atoms); 
δ 67.3 ( С ^ ) ; δ 126.9 ( C 8 ) ; 6 129.9, 134.7 ( С ^ С6) ; δ 145.6 (С ) ; 
δ 149.9 ( С 2 ) ; δ 203.0 ( С , ) . IR (KBr) : 3082, 3050, 1694, 1655, 1561 cm"1·. 
m/e: 328 ( M + ) . A n a l . c a l e , f o r С ,Η BrO S: С, 4 7 . 4 3 ; H, 3.98; found 
С, 47.49; H 3-91 %. 
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enào-î-B/Omo-l, 3-dÍoxo-¿a, 4, /, 7а-Ьеі асуа.го-л, V-methanoindene-Z-aar-
biLáehyde 1, в-Ъъаethylene abetal Sie 
T h i s compound was s y n t h e s i z e d u s i n g t h e s t a n d a r d p r o c e d u r e , f r o m 
d i b r o m o b i s a c e t a l V [ ( 1 6 . 2 4 g , 0 . 0 4 m o l ) r.BuLi s o l u t i o n ( 2 8 . 0 m l , 
0 . 0 4 5 m o l ) and d i m e t h y I f o r m a m i d e ( 3 . 5 m l , 0 . 0 4 5 m o l ) . The r e a c t i o n 
t i m e was l e n g h t e n e d t o 2 г d a y s . A f t e r e v a p o r a t i o n o f t h e THF t h e 
r e s u l t i n g b r o w n - y e l l o w r e a c t i o n m i x t u r e was t a k e n up i n 300 ml 
d i c h l o r o m e t h a n e and washed t i l l n e u t r a l w i t h s a t u r a t e d aqueous 
NH.Cl (3 x 15 m l ) and w a t e r (2 χ 15 m l ) . The c o m b i n e d aqueous 
w a s h i n g s w e r e e x t r a c t e d w i t h d i c h l o r o m e t h a n e (5 x 75 ml) and t h e 
c o m b i n e d o r g a n i c l a y e r s w e r e d r i e d (MgSO.) and c o n c e n t r a t e d t o l e a v e 
a d a r k - y e l l o w r e s i d u e , t o w h i c h a 1 i t t l e d i c h l o r o m e t h a n e w a s a d d e d . 
T h i s s o l u t i o n was i n t r o d u c e d a t t h e t o p o f a d r y F i o r i s i ! c o l u m n 
(60 g F i o r i s i ! ) and t h e s o l v e n t was removed by s u c t i o n . W h i l e 
c o n t i n u i n g t h e s u c t i o n , t h e c o l u m n was e l u t e d w i t h e t h e r (500 m l ) . 
The f i r s t 10 ml o f t h e e l u a t e were d i s c a r d e d . C o n c e n t r a t i o n o f t h e 
e l u a t e gave a l m o s t p u r e 51 e ( 1 0 . 1 8 g , 72 %) . An a n a l y t i c a l l y p u r e 
sample was o b t a i n e d by c r y s t a l 1 i z a t i o n f rom e t h a n o l : mp 132-134 С. 
'Η NMR ( C D C l J : δ 2 . 6 1 - 2 . 8 5 (m, H-,); δ 3 - 1 7 ( d d , H , , J ,
 7 = 
7 . З Hz, J ,
 7 = 4 . 8 H z ) ; δ 3 . 6 8 ( d d , H, , J , , = 2 . 2 H z ) ; δ 3 - 7 9 - 4 . 3 8 
(m, a c e t a l p r o t o n s ) ; δ 5 . 7 4 ( d d , H ç , J , = 6 . 3 Hz , J = 1.1 H z ) ; 
δ 6 . 1 4 ( d d , H 6 , J 6 7 = 3-6 H z ) ; δ 6 . 8 3 ( d , H , ) ; δ 9 . 6 0 ( s , CHO). 
1 3 C NMR ( C D C l j ) : δ 4 7 - 3 , 5 2 . 9 , 5 3 - 7 , 5 5 . 6 (С C 7 , С ^ , one o f t h e 
a c e t a l c a r b o n a t o m s ) ; δ 6 5 - 2 , 6 6 . 1 , 6 6 . 2 ( a c e t a l c a r b o n a t o m s ) ; δ 6 7 . 3 
( С ^ ) ; δ 1 1 5 . 2 ( С , ) ; δ 1 2 6 . 4 ( C 8 ) ; 6 l j 2 . 3 , 133-0 ( C j , Cg) ; δ 1 4 9 . 2 
( C 2 ) ; δ 1 5 2 . 0 (С ) ; δ 1 8 7 . 7 (ÇHO). IR ( K B r ) : 3 0 9 8 , 3082 , 2 7 6 0 , 
2 7 3 0 , 1698, I 6 5 2 , 1622, 1576 c m " 1 , m/e : 354 ( M + ) . A n a l . c a l e , f o r 
C ] 5 H ] 5 B r 0 5 : С, 5 0 . 7 2 ; H, 4 . 2 6 ; f o u n d С, 5 0 . 8 3 ; H, 4 . 3 1 I 
cr.L-'-4-e-romo-l, tí-dioxc-Z2, 4, 7, Va-tetrahydvo-^, 7-methanoindene-2-
jjiì'bal lehy Lì S-ethylene aceta I 42e 
H y d r o l y s i s o f t h e b i s a c e t a l a l d e h y d e 51e t o 42e was c a r r i e d o u t i n 
a manner d i f f e r e n t f r o m t h e method d e s c r i b e d i n t h e p r e c e d i n g e x p e r i -
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ments. Water (30 ml) was added to a s t i r r e d s o l u t i o n of 51e (1.0 g , 
2.82 mmol) in THF ( Ί ml) and to the r e s u l t i n g mi lky suspension 12 
drops of concentrated s u l f u r i c ac id were addea . I n i t i a l l y , a 
s t i c k y substance s e p a r a t e d , but a f t e r 16 hours the r e a c t i o n m i x t u r e 
had become c l e a r and c o l o u r l e s s . The s o l u t i o n was e x t r a c t e d w i t h 
dichloromethane (5 x 200 ml) and the combined organic layers were 
thoroughly washed w i t h s a t u r a t e d aqueous NaHCO, (3 χ 20 m l ) . 
Drying (MgSO.) and evaporat ing the s o l v e n t gave the d e s i r e d 
monoacetal aldehyde ^2е as a l i g h t - y e l l o w or salmon coloured m a t e r i a l 
i n q u a n t i t a t i v e y i e l d . This m a t e r i a l sometimes f a i l e d t o s o l i d i f y : 
mp ( l i g h t - y e l l o w s o l i d ) Π Ί - Ι Ι β С; the salmon coloured s o l i d 
becomes a s t i c k y s i r u p a t 1(5-50 0 C . Ή NMR ( C D C l J ; 6 2.98-3.18 
(m, H 7 ) ; ή 3.28 ( t , Н ^ ) ; 6 3-75 (dd, H , J ^ ^ = 2.7 Hz, ^ а і 7 а = 
S.h Hz); δ 3.95-4.і»0 (m, a c e t a l p r o t o n s ) ; δ 5-91 (dd, Ης, J
 6 = 
6.0 Hz, J r -, = 1.5 H z ) ; δ 6.06 (dd, H,, J , _ = 3-3 Hz); & 8.16 
Э , / b b , / 
( d , H J ; δ 9.82 ( s , CHO) . 13C NMR ( C D C l J : δ ^ 7 . 9 , 5 0 . 9 , 51.'t (С, 
C 7 , C 7 a ) ; 6 6 5 . 7 , 66.3 (aceta l carbon atoms); δ 66.0 (С^) ; δ 127.2 
(Cg) ; δ 130.6, 13'*.'* (Cr, C 6 ) ; δ Hó .? (C2) ; δ 167.2 ( C J ; δ 186.0 
(CHO); δ 203.6 ( С ^ . IR (KBr): 3082, 3050, 278'*, 1712, 1702, Ібд1*, 
1628, 1595 c m " 1 , m/e: ЗЮ (M+) . Anal . c a l e , f o r С - Н ^ г О ^ : 
С, 50.19; Η, 3-56; found С, 4 9 . 6 1 ; Η. 3-65 I . 
cndo-4-Bromo-?-(ethylenedioxomethyl)-oa, 4, 7, 7a-tetr>ahyäro-4, 7-
npthanoindene-l,8-aione 8-ethylene abetal 42g 
One of the attempts to achieve the conversion of 51e in to 42e led 
to the format ion of the ^ran.s-acetal i zed product ^ g • To a s t i r r e d 
s o l u t i o n o f 51e (O.M g, 1.15 mmol) in THF (15 ml) were added 
water (2 ml) and concentrated s u l f u r i c ac id (5 d rops ) . A f t e r 2k 
hours, s o l i d NaHCO, was added under v igorous s t i r r i n g , the excess 
NaHCO, was f i l t e r e d o f f and the solvent was evaporated. Due to the 
f a c t tha t the reac t i on mix ture was not complete ly neu t ra l i zed 
* This gives an approximately 0.25 N s o l u t i o n . 
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(pH З"** a f t e r work up) the r e s u l t i n g m a t e r i a l mainly c o n s i s t e d 
of compound 42g. A small amount of 42e, which was a lso present 
could be removed by t a k i n g up the m i x t u r e in dichloromethane 
(ISO ml) and e x t r a c t i n g i t w i t h 10 % aqueous Na^S.Oj. (10 m l ) . 
A f t e r d r y i n g (MgSO.) and evaporat ing the s o l v e n t , f u r t h e r p u r i f i c a ­
t i o n was achieved by p r e p a r a t i v e t h i c k - l a y e r chromatography 
(hexane-ethyl a c e t a t e 7 : 3 ) ; y i e l d 0.35 g (85 % ) . An a n a l y t i c a l l y 
pure sample was obta ined by c r y s t a l l i z a t i o n ( 2 - p r o p a n o l ) : mp 
114-115.5 0 C . 'H NMR (CDC1-): δ 2.90-3.06 (m, H ) ; δ 3-13 ( t , H ) ; 
δ 3.59 (dd, H 3 a , J 3 ) 3 a = 2.6 Hz, J 3 a ) 7 a = 5-9 Hz); δ 3.82-4.31 
(m, a c e t a l p r o t o n s ) ; δ 5-46 ( s , (CH20) 2CH-) ; 6 5-85 (dd, H , 
J, , = 6.1 Hz, Jr , = 1.6 Hz); δ 6.00 (dd, H,, J, , = 3-4 Hz); 
э,ь Ь,I ob,/
 1 
δ 7.48 (d, Η ). IR (KBr): 3087, 3075, 1710, 1669, 1646, 1569 cm" . 
m/e: 354 (M+) . Anal. cale, for С Η ^ ВгСЬ: С, 50.72; Η, 4.26; 
found С, 50.79; Η, 4.17 %. 
елхс-І-Врог.о-Ь-Упісго-аа, ί, 7, 7л-т,е~ а}іуаго-й, 7-r>ebhar.cindene-
':, — t i o n e o-ezk\¡len<3 aceza! í!¿f 
Treatment of mono-1 i th i a ted dibromo bisacetal W\_ (4.06 g, 0.01 mol) 
with a solution of ;BuOCl 67 (2.71 g, 0.025 mol) in dry THF, 
following the standard procedure, resulted, after work-up, in a 
mixture of several compounds, among them some, which were already 
hydrolyzed at C(1). The reaction mixture was not purified, but 
hydrolyzed in the usual way. After evaporation of the solvent a 
yellow solid remained, which consisted of 42a and another compound 
in a ratio of 3:2. The latter compound was obtained pure by 
repeated crystallization (ethanol) and appeared to be the 2-chloro 
derivative 42f (0.95 g, 30 % based on k\): mp I58.5-I6O 0C. 
lH NMR (CDC1 ): δ 2.93-3.13 (m, H ); δ 3-20 (t, Η ); δ 3-64 
(dd, Η, , J, = 2.9 Hz, J_ ., = 5.2 Hz); δ 3-84-4.38 (m, acetal )° j » j ° je » /a 
protons); δ 5.86-6.12 (m, H
c
 and H,); δ 7.42 (d, H,). IR (KBr): 
' -1 + 3 
3082, 3064, 1715, 1676, 1590 cm . m/e: 316 (M ); accurate mass 
cale, for C 1 2H 1 0BrClO 3 315.9502; found 315.9529· 
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cis-3a,7a-Dbhydroinden-l-one ethylene acebal ìa_ 
This compound was synthesized by FVT from 1 la (2.53 g , 0.012*» mol) 
using the apparatus descr ibed in the appendix w i t h the f o l l o w i n g 
reac t i on parameters: sample temp, aa- 85 C; oven temp. Ί20 С; 
c o l d t r a p temp. -78 C; pressure w i t h n i t r o g e n f low 1.0 . 10 mm Hg. 
The p y r o l y s a t e thus-obta ined ( y i e l d q u a n t i t i v e ) contained almost 
e x c l u s i v e l y ia_ ( > 95 %, NMR). I f 100 % p u n ty is requi red i t can be 
d i s t i l l e d : bp 65-67 O C/0.1 rm Hg ( l i t . 1 8 81-82 0 C/1 mm Hg). 
Ή NMR ( C D C l J : 6 2.89-3.20 (m, H., , J , ., = 11.1 Hz); δ 3.37-3.72 j /a j a , /a 
(m, H ) ; δ З.УЗ-^.ЗО (m, a c e t a l p r o t o n s ) ; δ 5. i*3-5.97 (m, 5H) ; 
δ 6.07 (dd, IH, J = 5.8 Hz, J = 2.7 Hz) . 1 3 С NMR ( C D C l J : δ h 1.9, 
kk.k (C 3 , С ) ; δ bU.T, 65-'t (aceta l carbon atoms); δ 120.9, 122.7, 
1 2 3 . 1 , 121».5, 131.0, 137.4 ( C 2 , С С^, С С 6 , С ) ;6 121 Л (С ,) . I R ( NaCl ) 
30l»5, 161(5, 1623, 1590 c m " 1 . UV (CH,0H) : λ ( 1 о д г ) 2 5 9 ( 3 - 3 7 ) , 
i max 
268 (3·36) nm. m/e: 176 (M ) ; accurate mass c a l e , f o r C.-H.-O.: 
176.0837; found 176.0856. 
The compound can be s tored at room temperature f o r several days; 
i t even surv ives h e a t i n g in to luene f o r a few hours. Prolonged 
heat ing converts i t i n t o i t s aromatic isomer, which was c h a r a c t e r i z e d 
by i ts s p e c t r a l data and i t s spontaneous h y d r o l y s i s to 1-indanone. 
':Í8-4-Bvo,no-¿as7a-dihydvoÍnden-l-ore ethylene aaetal Ь4 
In a s i m i l a r way, FVT of ^0 (0.100 g , 0.35 mmol) q u a n t i t a t i v e l y 
gave a p y r o l y s a t e , t h a t c o n s i s t e d of the d e s i r e d dihydroindenone 
51» (75 %, NMR), of the s t a r t i n g m a t e r i a l 50_ (aa. 10-15 %) and 
of the aromatized isomer of _54 isa. 10-15 %) • Reaction c o n d i t i o n s : 
sample temp. aa. 90 C; oven temp. 350 C; co ld t r a p temp. -78 C, 
pressure wi t h ni t rogen f l o w : 1 . 0 . 10 mm Hg. Ή NMR ( C C I , ) : 
δ 3-09 (dd, Н 7 а , ^ З а , 7 а = 1 1 · 3 H z ' J 7 , 7 a = 2 · 3 H z ) ; S 3.63-1».15 
(m, a c e t a l p r o t o n s , includes a m at δ 3-75, Η, ) ; δ 5-56-5.69 
(m, 2Η) ; δ 5.79 ( d d , H2 or H , J = 5-9 Hz, J = 2.1» Нг) ; δ 6.02-6.21» 
(m, 2H, includes a dd at δ 6 . 1 5 , Η- or H 2 , J = 2.7 Hz). IR (NaCl) : 
3060, 30l»2, 161»9, 1622, ISSI c m " 1 . UV (CH,0H):X 258, 268, 273 nm. 
i max 
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m/e: 25k (M+) ; accurate mass cale, for С^І^ВгС^: гбЗ-ЭЭ^З; 
found 253.9928. 
The compound ¡s uns tab le ; i t aromatizes at room temperature w i t h i n 
2 hours. Subsequently, spontaneous hyd ro l ys i s takes place to il-bromo-
indan-1-one; mp and spec t ra l data of t h i s compound were i d e n t i c a l 
w i t h those reported in the l i t e r a t u r e 6 6 . 
ei8-2J4-Bibrorno-3a,?a-dihydroinden-l-one ethylene aaetal S5_ 
FVT of k8_ (6.48 g , O.OI89 mo l ) , employing the f o l l o w i n g reac t i on 
c o n d i t i o n s : sample temp. aa. 165 C; oven temp. 465 C; co ld t r ap 
temp. 0 C; pressure w i t h n i t rogen f low 1.0 . 10 mm Hg, a f fo rded 
p u r e e s (6.27 g , 99 %). mp 69-71.5 0 C. 'н NMR (CDCl ) : 6 3-29 
(dd, H7 , J , = 11.1 Hz , J 7 7 = 3.0 Hz); & 3.63-4.34 (m, a c e t a l 
/a j3 , /a /, /a 
p r o t o n s , includes a m at δ 3 .74, Η, ) ; δ 5.53-5·91 (m, Н^ and Н_); 
δ 6.15 (m, H c , J,. , = 4.9 Hz, J r -, = 1.8 Hz); 6 6.31 ( d , H,, J , , = P b , b b,/ i i,ia 
2.8 Hz). 13C NMR (CDCl,) : δ 47-7, 48.4 (С , С ) ; δ 6 5 . 9 , 66.4 
( a c e t a l carbon atoms) ; δ 118.9 ( C , ) ^ 121.9, 1 2 3 . 1 , 124.4, 135.3 
(C 3 > C 5 , C 6 , C 7 ) ; δ 122.2, 127.1 (C 2 > C^). IR (KBr) : 3080, 3042, 
1650, 1631, 1582 c m " 1 . UV (CH,0H); λ ( l o g ε) 273 ( 3 - 7 0 ) , 
i max 
283 (З.69) nm. m/e: 332 (M ) ; accurate mass cale, for С .H^Вг.О : 
331.9048; found 331.9022. 
Although reasonably stable at 20 0 C , attempted crystallization 
of j)5 led rapidly to the formation of its armatic isomer, which 
was identified spectroscopal1 у and by hydrolysis with aqueous acid 
to the known 2,4-d ibromoi ndan-l-one1*8 . 
c'Ís-2-Bromo-^a,7a-dihydroÍKden-l-one ethylene aantal 4άα 
FVT of 42a (I.98 g, 7-0 mmol), proceeded quantitatively; almost 
pure 43a ( > 95 %, GLC) was obtained. Reaction conditions: sample 
temp. aa. 110 C; oven temp. 480 C; cold trap temp. -78 C; 
pressure with nitrogen flow 4.0 . 10 mm Hg. l\\ NMR (CDCl J : 
δ 2.84-3.24 (m, H 7 . J. , = 11.4 Hz); δ 3.31-3.65 (m, H,J ; 
δ 3.67-4.30 (m, acetal protons); δ 5.20-6.02 (m, 4H); δ 6.12 
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( d , H , J = 3.0 Hz). IR (NaCl): ЗО^О, 1622, 1590 c m " 1 . 
UV (CH,OH): λ 263 nm. m/e: 2Sk (M ) ; accurate mass c a l e , f o r 
S max 
С.-Н^ВгО»: гЪЪ.ЭЪЫ; found І^З-ЭЭ^З. The compound i s s t a b l e a t 
room temperature f o r 2 days; i t s lowly rearranges i n t o i t s aromat ic 
isomer. The s p e c t r a l data o f the l a t t e r are in agreement w i t h those 
publ ished previous 1 у э . 
eis-2-Bromo-4-ethyl-Za,7a-dihydroinderi-l-one ethylene aaeial 42Ъ 
This di hydro!ndenone d e r i v a t i v e was o b t a i n e d in q u a n t i t a t i v e y i e l d 
( p u r i t y > 90 %, GLC) by FVT of ^2b (0.311 g , 1.0 mmol). The f o l l o w i n g 
r e a c t i o n c o n d i t i o n s were employed: sample temp. an. 115 C; 
oven temp. k35 C; c o l d t r a p temp. 0 C; pressure w i t h n i t r o g e n 
f low 4.0 . 10 " 1 mm Hg. Ή NMR ( C D C l J : δ 1.06 ( t , CH3CH2-(J = 
7.5 Hz); δ 2.07 (br q , CK,CH,-); 6 2.97-3.27 (m, H7 , J., , = 
j ¿- /a j a , /a 
10.6 Hz) ; δ 3-27-3.58 (m, H, ) ; δ З. З-^-Зб (m, a c e t a l p r o t o n s ) ; 
δ 5.1)0-6.01 (m, H c , H, and H , ) ; δ 6.20 ( d , H,, J , , = 2.9 Hz). 
1 Э
С NMR (CDC1-); δ 11.3, 27Λ (CH CH2-) ; δ kk.O, 1)6.1 (С С ); 
δ 6 5 . 6 , 66.5 ( a c e t a l carbon atoms); δ 1 1 6 . 1 , 120.0, 121).0, 135.7 
(C3, С , С 6, С ); δ 125.9, 129-7 (С,, С 2 ) ; δ 137-9 (С^). IR (NaCl): 
301)0, 1657, 1620 cm"1. UV (CH,0H):A 269 nm. m/e: 282 (M+) ; 
i max 
accurate mass c a l e , f o r С Η іцВгО.: 282.0255; found 282.0261. 
The compound aromatizes s l o w l y at room temperature; a t -20 С i t is 
s t a b l e f o r months. 
cis-2-Brcmo-4-tvimetkylc>ilyl-Za., r/a-dihydvoinden-l-one ethylene 
acciai Ίόα 
FVT of l)2c (SO mg, 0.11) mmol) gave i n q u a n t i t a t i v e y i e l d the d e s i r e d 
l)3c ( p u r i t y 90 %, NMR). Reaction c o n d i t i o n s : sample temp. ';a. 120 C; 
oven temp. 470 C; c o l d t r a p temp. 0 C; pressure w i t h n i t r o g e n 
f l o w : 1.5 . IO" 1 mm Hg. 'н NMR ( C D C l J ; δ 0.17 ( s , S i ( C H j J ; 
δ 3.06 (ddd, H 7 a , J 3 a ) 7 a = 9.7 Hz, J 6 ( 7 a = 1.7 Hz, J 7 > 7 a = 3-3 Hz); 
δ 3.57 (ddd, H 3 a , J3 З а = 2.5 Hz, J 3 a ( 5 = 1.5 Hz); δ 3.8Ί-Ί.3
ί
» 
(m, acetal protons); δ 5.60-6.1)2 (m, H-, H, and H 7, includes a d at 
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б 6 . 0 2 , H J . IR (NaCl): 30Ί0, 3018, ІбЗб, 1613, 1570 c m " 1 . UV (CH ОН): 
λ ПЬ η m. m/e: 253 (M+ - S i ( C H j , , Ikl (M + - B r ) ; accurate mass 
max 3 3 
c a l e , f o r C 1 1 H 1 0 B r 0 2 : 252.986'»; found 2 5 2 . 9 8 9 1 ; c a l e , f o r C ^ H ^ t ^ S i : 
247.1154, found 247.1140. 
The compound can be kept a t room temperature f o r a few days; a t -20 С 
no aromat ¡ za t i on is d e t e c t a b l e . 
ais-?-4romo-4-methyltkio-3a,7a-dihydro{.nden-7-one ethylene acebal 4?d 
FVT of 42d (0.823 g, 2.5 mmol) a f fo rded a py ro l ysa te ( y i e l d 
q u a n t i t a t i v e ) , which mainly contained the des i red 43d (> 85 %, NMR). 
The f o l l o w i n g reac t i on cond i t ions were used: sample temp. a. 140 C; 
oven temp. 440 C; cold t rap temp. -78 C; pressure w i t h n i t rogen 
f low 2.0 . IO"1 nrn Hg. Ή NMR ( C D C l J : δ 2.25 ( s , CH S-) ; δ 3-17 
(ddd, H 7 a, J 3 a ) 7 a = 10.2 Hz, J 6 ( 7 a = 1.9 Hz, J 7 ( 7 a = 3.9 Hz); 
δ 3.54 (ddd, Hj
a
, J 3 i 3 a = 2.6 Hz, J 3 a = 1.3 Hz); ó З.79-4.З7 
(m, acetal protons); δ 5.41-6.08 (m, H , H 6 and H ); δ 6.24 (d, H j . 
IR (NaCl): 3042, 1620, 1573 cm"1. UV (CH,0H): λ 303 nm. 
i max 
m/e: 300 (M+) ; accurate mass cale, for C-.H^BrO.S: 299-9820; found 
299.9827. 
The compound is u n s t a b l e ; complete aromati zat ion takes about 2 days 
a t room temperature and 2 weeks a t -20 C. 
•Îs-2-вгспо- 1-oxo-2a, 7a-dihydr'oi'ndcne-'l-i,nrbjldehyde l-ethyZene 
ace Lal 46e 
The standard FVT apparatus was used f o r the p r e p a r a t i o n of t h i s 
compound. However, in order to o b t a i n s a t i s f a c t o r y r e s u l t s , i t 
was necessary to enlarge the surface o f the sample i n a manner 
descr ibed in s e c t i o n 2 .3. S t a r t i n g form 42e (0.436 g, 1.4 mmol) 
and a p p l y i n g a sample temp, of aa. 115 C, an oven temp, o f 425 C, 
a c o l d t r a p temp, of 0 С and a pressure w i t h n i t r o g e n f l o w of 
1.5 . 10 mm Hg, almost pure aldehyde 43e (0.337 g , 85 %) was 
i s o l a t e d . C r y s t a l I i z a t i o n f rom ethanol gave an a n a l y t i c a l l y pure 
p r o d u c t : mp 87-89 0 C . 'H NMR (CDClJ ; δ 3.22-3.43 (m, H J = 
i /3 ¿я, /a 
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11.2 Hz); δ З-бВ-^.^г (m, acetal protons, includes a ddd at 6 3-83, 
H , J = 2.9 Hz, J, r = 1.6 Hz); δ 6.14-6.28 (m, H 6 and H ); 
δ 6.39 (d, H j ; δ 6.61-6І80 (m, H ); δ 9.46 (s, CH0-). IR (KBr): 
3076, 3040, 2770, 2745, 1665, 1649, 1622, 1581 cm"1. UV (CH ОН): 
λ (log ε): 307 nm (3-87). m/e: 282 (M +). Anal. cale, for 
max 
C^H^BrO,: С, 50.91; Η, 3-92; found С, 51.04; Η, 3-92 %. 
The compound is stable for weeks at room temperature. 
"is-"-BroTno-4-chloro-3a,7a-dihydroir.den-i-one l-ezkylere abetal 43f 
FVT of 42f (sample temp. ca. 150 C, oven temp. 470 C, cold trap 
temp. 0 C, pressure with nitrogen flow 1.0 . 10 mm Hg) afforded 
43f in quantitative yield (purity > 95 %, NMR). Ή NMR (CDC 
У 
δ 3.15-3.41 (m, Н ^ , J 3 a > 7 a = П.9 Hz); δ 3-52-3.78 (m, Н^) ; 
δ 3.78-4.38 (m, acetal protons); δ 5.45-5.98 (m, 3H, includes a 
dd at δ 5-75, IH, J = 6.1 Hz, J = 1.2 Hz); δ 6.33 ( d, Η J = 
2.9 Hz). IR (NaCl): 3070, 3044, 1648, 1623, 1588 cm"1. UV (ChLoH) : 
λ 273, 282 nm. m/e: 288 (M +). 
max 
cbs-?-Bromo-l-oxo-3a,îa-dihydvoindene-u-carhaldehyde-bisptXylene 
acetal 4Zg 
S t a r t i n g from 42g (50 mg, 0.14 mmol) t h i s compound was prepared 
using the enlarged sample sur face technique as descr ibed f o r the 
synthesis of 43e. Y ie ld 42 mg (91 %, p u r i t y > 95 %, NMR). Ή NMR 
( C D C l J : δ 3.07-3.30 (m, H, , J , - = 10.2 Hz); δ 3-60 ( d d , H. , j /з За,/a Ja 
J = 2.4 Hz); δ 3.82-4.38 (m, aceta l p r o t o n s ) ; δ 5-28 ( s , 
(CH 2 0) 2 CH-); δ 5.64-6.09 (m, Η Η6 and Η ) ; б 6.20 ( d , H ) . 
IR (NaCl): 3075, 3044, 1668, 1610 c m " 1 . UV (CH,0H): λ 267 nm. 
i max 
m/e: 326 (M ) ; a c c u r a t e mass c a l e , f o r С.. H.. .BrO. : 326.0154; found 
326.0128. 
The compound is unstable; it hydrolyzes rapidly in the air to the 
a Idehyde 43e. 
-63-
FVT of ertdo-2-Ъ ото-За,4, 7, 7a-tetrahydro-4} 7-methanoindene-l, 8-dione 
49 and endo-4-bï'omo-3aJ4J 7, 7a-tetrahydro-4, 7-methanoindene-l,8-dione 
52 
FVT of h3_ CtS mg, 0.2 mmol) a t 300-350 0C w i t h a sample temp, of 
ca. 85 C, a co ld t rap temp, of -78 С and a pressure w i t h n i t r o g e n 
f l o w of 1.0 . 10 mm Hg a f f o r d e d in q u a n t i t a t i v e y i e l d a 3:1 m i x t u ­
re of eis-4-bromo-3a ,7a-di hydroi nden-1-опе j>j3 and cts-2-bromo-3a,7a-
dihydroinden-1-one _57 r e s p e c t i v e l y . The i n d i v i d u a l compounds were 
not i s o l a t e d . 'H NMR (COCÍ ) of j>8: б 3-35-3.62 (m, H , J 3 a 7 a = 
10.5 Hz); δ 3.88-4.15 (m, H ) ; δ 5.55-6.00 (m, 2H); δ 6.13-6.32 
(m, I H ) ; δ 6.47 ( d d , H 2 , J 2 3 = 5-7 Hz, J 2 ^ = 2.5 Hz) ; δ 7-88 ( d d , 
Η 3 > J 3 i 3 a = 2.5 Hz). lH N M R ' ( C D C 1 3 ) of 5]_:\ 3-35-3.62 (m, Н ^ ) ; 
δ 3.63-3.87 (m, H. ) ; δ 5-55-6.00 (m, l»H) ; δ 7.64 ( d , H, , = 2.7 Hz). j& j•ja 
m/e: 210 (M"1"); accurate mass c a l e , f o r CgH BrO г 209.Э61 ; found 209-9679-
FVT of the 4-bromo isomer ^ 2 (sample temp. aa. 60 C, oven temp. 
320 C, co ld t r a p temp. 0 C, pressure w i t h n i t r o g e n f l o w 1.0 . 10 m 
Hg) gave a lso a m i x t u r e of j)8 and S7_ i n a r a t i o of 85: 15. 
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APPENDIX 
Flash vacuum t h e r m o l y s i s : general a s p e c t s , apparatus and 
exper imen ta l procedure 
1. I Z"OD^CTIO\ 
From the beginning thermolysis or pyrolysis (both 
terms are used indifferently) has played its part in the 
development of organic chemistry. A historical review on 
the application of thermolysis in this field is given 
recen tly 1. 
Together with the growth of organic chemistry in the 1950s 
interest in thermolytic reactions increased as a consequ-
ence of the availability of new (spectroscopic) techniques 
of analysis and chromatographic separation methods. Chemists 
became fascinated by reactive intermediates such as carbenes, 
m t r e n e s , arynes and free radicals. For the study of these 
species thermolysis in the gas phase appeared to be a very 
s ui tabi e techm que 1 " 3 
The rise of organic mass spectrometry in the 1960s 
caused a new leap forward Reactions and fragmentations, 
experienced by molecular ions in a mass spectrometer, often 
appeared to bear resemblance with familiar pyrolytic 
reactions. This fact stimulated the investigations into 
primary processes at (very) high temperatures. However, 
for this purpose short contact times and low pressures 
were required; these conditions led to the development 
2 4 
of the f l a s h vacuum t h e r m o l y s i s (FVT) techn ique ' . In the 
past f i f t e e n years t h i s s p e c i a l form o f p y r o l y s i s has found 
i t s a p p l i c a t i o n i n mechan is t i c s t u d i e s , i n the e x p l o r a t i o n 
of the chemis t r y o f s h o r t - l i v i n g i n t e r m e d i a t e s and in the 
s y n t h e s i s o f o the rw ise not easy a c c e s s i b l e c o m p o u n d s ' ' 5 ' 6 . 
Nowadays, FVT gains more and more r e c o g n i t i o n : FVT i s s imp le 
- 7 0 -
c lean and o f t e n has advantages over o the r s y n t h e t i c 
methods 7 » 8 . N e v e r t h e l e s s , f o r most chemists FVT s t i l l i s 
not a techn ique used r o u t i n e l y , however a change i s to be 
expected i n f u t u r e . 
2 . GEuEPAL ASPECTS 
The pressure i n the system is a f a c t o r , t h a t s t r o n g -
l y i n f l u e n c e s the course of p y r o l y t i c r e a c t i o n s , rang ing 
-4 from 1 to less than 10 atm. i n the var ious exper iments 
descr ibed in l i t e r a t u r e . Taking the pressure employed 
as a c r i t e r i o n Brown1 came to a d i v i s i o n i n f o u r c a t e g o r i e s : 
i . p y r o l y s i s a t a tmospher ic p r e s s u r e ; 
i i . p y r o l y s i s at reduced pressure (30 -1 mm Hg) ; 
_ 2 
¿ г г . f l a s h p y r o l y s i s i n moderate vacuum (1-10 
mm H g ) ; 
iv. t r u e FVT i n h igh vacuum (10 mm Hg or l e s s ) . 
However, the d i s t i n c t i o n between these k inds of p y r o l y s e s 
are r a t h e r vague; o f t e n t h e r m o l y t i c exper iments cannot 
be c l a s s i f i e d s t r i c t l y in one w e l l - d e f i n e d c a t e g o r y . 
In g e n e r a l , the p y r o l i t i c r e a c t i o n s of type ί and г г are 
not c o n s i d e r e d as f l a s h p y r o l y s e s . 
FVT, a s p e c i a l form of gas-phase t h e r m o l y s i s has 
t h r e e c h a r a c t e r i s t i c f e a t u r e s : 
г. compounds t o be p y r o l y z e d o n l y remain f o r a very 
_ τ 
s h o r t t ime i n the hot zone (10 - I s ) ; 
г г . the c o n c e n t r a t i o n of the s u b s t r a t e i n the h o t 
zone i s very l o w , t h e r e f o r e o n l y i n t r a m o l e c u l a r 
r e a c t i o n s take p l a c e and i n t e r m o l e c u l a r r e a c t i o n s 
[viz. p o l y m e r i z a t i o n ) are se ldomly o b s e r v e d ; 
г г г . the p y r o l y s a t e i s c o l l e c t e d i n a c o l d t r a p , which 
i s p l a c e d i m m e d i a t e l y a f t e r the hot zone, e n a b l i n g 
the i s o l a t i o n of r e a c t i v e species and g e n e r a l l y 
p r e v e n t i n g the o c c u r r e n c e of secondary r e a c t i o n s . 
- 7 1 -
Golden et a i . 9 and Seybold 5 have tried to obtain more 
insight into the theoretical aspects of FVT. This is most 
simple attained for thermolyses of type iv (P > 1 0 " J mm H g ) . 
At these very low pressures under conditions of molecular 
flow the mean free path of a molecule with a diameter of 
0 
7 - 10 A i s about o f the same o r d e r of magnitude as i s 
the l e n g h t of the h o t zone. C o n s e q u e n t l y , molecules w i l l 
be p r e d o m i n a n t l y a c t i v a t e d t h r o u g h g a s - w a l l c o l l i s i o n s . 
A c c o r d i n g t o these a u t h o r s the t i m e spent in the h o t 
zone ( c o n t a c t t i m e , t ) by a s u b s t r a t e molecule w i t h mass 
M o n l y depends on the geometry o f the h o t zone and on 
the mean m o l e c u l a r v e l o c i t y ( v ) . For a so c a l l e d Knudsen 
r e a c t o r w i t h volume V and o u t l e t area A the e x a c t r e l a t i o n s h i p 
i s g iven by e q u a t i o n (1) and f o r a c y l i n d r i c a l tube w i t h 
l e n g t h L and d i a m e t e r D by e q u a t i o n ( 2 ) , i n which к i s a 
c o r r e c t i o n f a c t o r connected w i t h the L:D r a t i o . 
t^ = 
4V 
v . A 
4L 
v . k 
( 1 ) 
( 2 ) 
The mean molecular velocity ν can be calculated from 
equation ( 3 ). 
8RT 
πΜ 
(3) 
Assuming M = 300 and an oven t e m p e r a t u r e of 450 C, e q u a t i o n 
(2) g ives f o r the apparatus d e p i c t e d i n s e c t i o n 3 a c o n t a c t 
_ 2 
t ime of ca. 2.7 . 10 s . 
For p y r o l y s e s of type ίίί ( a l l the exper iments des­
c r i b e d i n t h i s t h e s i s f a l l w i t h i n t h i s c a t e g o r y ) the 
s i t u a t i o n i s e n t i r e l y d i f f e r e n t . In a moderate vacuum 
s u b s t r a t e s are p y r o l y z e d under c o n d i t i o n s of v iscous f l o w 
b o t h w i t h and w i t h o u t c a r r i e r gas. The mean f r e e path of 
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a molecule i s smal l and gas-gas c o l l i s i o n s w i l l p r e d o m i n a t e . 
However, c a l c u l a t i o n o f c o n t a c t t imes has become very 
d i f f i c u l t . When the s u b s t r a t e i s i n t r o d u c e d i n t o the h o t 
zone by a stream o f i n e r t gas and assuming a l a m i n a r f l o w , 
the c o n t a c t t ime ooeys P o i s e u i l l e s l a w . For a c y l i n d r i c a l 
tube w i t h l e n g h t L a n d d i a m e t e r D t i s g iven by e q u a t i o n ( 4 ) , 
8 n L ' 
( 0 / Z ) c . ( P l - P 2 ) 
(4) 
i n which η i s the f r i c t i o n c o e f f i c i e n t of the i n e r t gas and 
P1-P2 the p r e s s u r e drop across the oven t u b e
5
. Yet , 
measurement o f t h i s p r e s s u r e d i f f e r e n c e o f t e n i s n o t pos­
s i b l e and t h e r e f o r e u s u a l l y the more s i m p l e e q u a t i o n (5) 
i s a p p l i e d i n s t e a d , t o o b t a i n an a p p r o x i m a t e value f o r t . 
4 = 
273 
22.4 760 
[S) 
In this expression Τ is the absolute temperature, V the 
vol urne of the hot zone, Ρ the pressure in the hot zone and 
m the number of moles that has been pyrolyzed in time t. 
In equation (5) fragmentation of molecules during pyrolysis 
is not taken into account and often the pressure is measur­
ed far away from the hot zone. Nevertheless, this equation 
gives some indication to what extent contact times are 
affected, if one of the parameters is changed. Adaption 
of this last expression to the flash thermolyses described 
in this thesis results in contact times varying between 
0.2 and 0 . 8 s . 
A variety of pyrolysis apparatus is surveyed by 
Brown '. Generally, the substrate is sublimed into the 
hot zone, which i
n
 most cases consists of a tube made of 
Pyrex, Vycor or quartz that is heated in an electric 
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f u r n a c e . The tube may be f i l l e d w i t h p a c k i n g t o p r e v e n t a 
s t r e a m l i n e d f l o w and a c a r r i e r gas (e.o. N?) may be 
passed t h r o u g h . The p r o d u c t ( s ) i s ( a r e ) c o l l e c t e d i n 
a c o l d t r a p t h a t i s a t t a c h e d as c l o s e as p o s s i b l e t o the 
oven tube when d e a l i n g w i t h r e a c t i v e compounds. As ment ioned 
above the a c t u a l p r e s s u r e i n the h o t zone as w e l l as any 
p r e s s u r e d i f f e r e n c e across the whole system are u s u a l l y 
unknown. 
Brown 1 ment ions t h a t use o f a p a c k i n g in the oven 
tube g e n e r a l l y causes a r e d u c t i o n of the minimum tempera­
t u r e r e q u i r e d f o r complete c o n v e r s i o n by 50-100 0 C . I t 
remains u n c l e a r whether t h i s e f f e c t i s due t o an e x t e n s i o n 
of c o n t a c t t imes or p r e d o m i n a n t l y t o the g r e a t l y e n l a r g e d 
s u r f a c e . Our e x p e r i e n c e s w i t h t h e U S e of g lass beads as a 
p a c k i n g m a t e r i a l and N ? as c a r r i e r gas are s u n n a n z e d i n 
t a b l e 1 . 
t a b l e 1 
Product 
la 
54 
55 
43a 
43b 
43c 
43d 
43e 
43g 
Optimum conditions ( 0C )mmHg)* 
with glass 
beads 
410 , 4.0 . 10"1 
* * 
460 , 4.0 . 10"1 
475 , 4.0 . 10"1 
500 , 4.0 . 10"1 
450 , 1.5 . 10"1 
435 , 4.0 . 10"1 
430 , 4.0 . 10"1 
425 , 4.0 . 10"1 
without glass 
beads 
425 , 1.0 . 10"1 
350 , 1.0 . 10"1 
475 , 1.0 . 10"1 
490 , 4.0 . 10"1 
500 , 4.0 . 10"1 
470 , 1.5 . 10"1 
450 , 2.0 . 10"1 
430 , 1.5 . 10"1 
440 , 1.5 . 10"1 
yield 
with glass 
beads 
95 
0 
45 
90 
85 
80 
65 
75 
85 
(%) 
without glass 
beads 
95 
75 
95 
95 
90 
90 
85 
85 
90 
* a l l c o n d i t i o n s apply t o samples of 50 mg 
* χ v a r i o u s r e a c t i o n c o n d i t i o n s were t r i e d 
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From these f i g u r e s i t can be concluded t h a t to o b t a i n op-
timum r e s u l t s u s u a l l y h i g h e r tempera tures and /o r a s m a l l e r 
c a r r i e r gas f low are needed when no pack ing i s p resen t i n 
the ho t zone. The h i g h e r tempera tu re r e q u i r e d can be a d i s -
advantage, but f o r the p r e p a r a t i o n o f d ihydro indenone a c e t á i s 
t h i s i s c e r t a i n l y no t the case. On the c o n t r a r y , y i e l d s are 
b e t t e r and more r e p r o d u c i b l e a t h i g h e r FVT tempera tu res 
w i t h o u t the use of p a c k i n g . I t was a l so observed t h a t the 
r e s u l t s are s t r o n g l y i n f l u e n c e d by the arrangement o f the 
g lass beads, e s p e c i a l l y i n the narrow o u t l e t a rea . 
The e f f e c t o f a c a r r i e r gas i s a d i f f i c u l t m a t t e r 
a l s o . By a d d i t i o n o f an i n e r t gas i t i s o f t e n p o s s i b l e to 
p reven t secondary r e a c t i o n s o f the p r o d u c t ( s ) f o r m e d . In a 
very low p ressure exper iment on the p y r o l y s i s o f 5 - ( 2 - p y -
r i d y l ) t e t r a z o l e Wentrup3 f o u n d , t h a t the phenyl n i t r e n e 
formed rea r ranged to g ive cyanocyc lopen tad iene whereas a d d i -
t i o n o f N? caused an i nc reased f o r m a t i o n o f azobenzene, a r i -
s i ng from d i r e c t d i m e r i s a t i o n o f the phenyl n i t r e n e . Th is 
phenomenon was e x p l a i n e d by assuming the occur rence of 
d e a c t i v a t i n g gas-gas c o l l i s i o n s i n the l a t t e r case. In h igh 
vacuum py ro l yses the k i n e t i c a l l y a c t i v a t e d molecules cannot 
lose t h e i r energy excess due to the very smal l number o f 
i n t e r m o l e c u l a r c o l l i s i o n s (no thermal e q u i l i b r i u m i s 
e s t a b l i s h e d ) and t h e r e f o r e secondary r e a c t i o n s e a s i l y occu r . 
An inc rease in p ressu re causes an i nc rease i n the number 
o f gas-gas c o l l i s i o n s and so redundant energy can be t r a n s -
f e r r e d ( the rma l e q u i l i b r i u m ) . The pr imary p roduc t i s i n 
f a c t " c o o l e d " by the o the r m o l e c u l e s , e.g. i n e r t gas , p r e s e n t . 
FVT o f methanolndenones r e q u i r e s p r e h e a t i n g o f 
the bulb c o n t a i n i n g the s t a r t i n g m a t e r i a l (vide infra), 
s ince s u b s t r a t e s are i n t r o d u c e d i n t o the hot zone by 
s u b l i m a t i o n . In some exper iments the c a r r i e r gas (N-) was 
o m i t t e d ; a c c o r d i n g l y , t o o b t a i n optimum r e s u l t s ( n o t a b l y 
a s u f f i c i e n t conve rs ion r a t e ) the p r e h e a t i n g tempera tu re 
had to be a d j u s t e d i n such a manner as to m a i n t a i n a 
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pressure in the system of 2.0 . 10" -8.0 . 10" mm Hq. 
When a flow of N2 is introduced over the starting substrate, 
generally, less elevated preheating temperatures are 
required. Moreover, the amount of product(s) formed per 
unit of time is increased. On the other hand, leaking in 
Ν« beyond the point where sublimation of the sample takes 
place gives a retarded reaction. 
All these points involving an increase of the P/760 
ratio in equation (5) are partially or completely 
counterbalanced by a decrease of t/m, when a carrier gas 
is employed. The net effect of these two factors is hard 
to predict and in general, is very subtle. In addition, 
many other parameters (some of them may be still unknown) 
are involved and may change the fate of products. In 
practice FVT for the time being will remain a technique, 
where optimum conditions have to be determined completely 
empirical for each individual compound. 
3. APPARATUS A:W EXPKRJ MENTAL VHOCFDURE 
Apparatus 
The FVT apparatus, as developed at the Organic 
Laboratory of the Nijmegen University, is pictured 
in figure 1. 
The substrate is placed into a Pyrex bulb ( 1 ) , which 
is provided with a FCH 14/23 socket and a FCH 14/23 cone. 
A gas inlet tube ( 2 ) , when using carrier gas, or a stopper 
is attached to the socket. At the other end the bulb is 
connected with a bent Pyrex tube ( 3 ) , which functions as a 
bridging between the substrate bulb and the vertically po­
sitioned Pyrex oven tube (4). The oven tube (outside 
diameter 17 mm; inside diameter 13 mm; lenght 250 mm) is 
connected with the bridging tube by means of a Rotulex 
19/9 cup and ball and with the cold finger (5) by means of 
-76-
f i g u r e 1 
Ν, 
•^ss=^)-J-J-rj-d-J-J-d-^_\ . to voriac 
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a R o t u l e x 13/5 cup and b a l l . J u s t b e f o r e the lower end 
of the oven tube a few i n d e n t a t i o n s are made p r e v e n t i n g 
g lass beads, i f any, from f a l l i n g down. 
The c o l d f i n g e r c o n s i s t s of two p a r t s ( d i a m e t e r of 
the i n n e r tube 6 or 13 mm, r e s p e c t i v e l y ; l e n g h t 240 mm; 
o u t s i d e d i a m e t e r 30 mm; l e n g h t 250 mm; FCH 29/32 j o i n t ) , 
o f which the o u t e r p a r t is c o u p l e d via a rubber hose of 
ca. 500 mm w i t h an a i r i n l e t d e v i c e ( R o t u l e x 19/9 j o i n t s ) . 
This d e v i c e c o n t a i n s , i n a d d i t i o n t o t h r e e grease f r e e 
s topcocks (Louwers and H a p e r t , 9 mm), a l s o a c o n n e c t i o n 
f o r the p r e s s u r e r e a d i n g gauge ( P i r a n i 1 0 ) . At the o t h e r 
end the d e v i c e i s d i r e c t l y c o u p l e d ( R o t u l e x 29/19) w i t h the 
c o l d t r a p system t h a t p r o t e c t s the vacuum pump. Between the 
c o l d t r a p system and the two s t a g e vacuum pump (Edwards 
E2M8) a h igh vacuum s t o p c o c k ( S p e e d i v a l ve) i s p r e s e n t . 
The c a r r i e r gas f l o w and the p r e s s u r e i n the system 
i s c o n t r o l l e d by a needle va lve (6) (Hoke mi I l i mi t e ) . 
The Pyrex b u l b c o n t a i n i n g the s u b s t r a t e is heated by means 
o f a s u b l i m a t i o n oven (7) (Buchi TO 5 0 ) , which i s shoven 
over i t . To p r e v e n t c o n d e n s a t i o n of the s t a r t i n g m a t e r i a l 
the b r i d g i n g tube i s wrapped w i t h h e a t i n g cord (Heraeus P i l z , 
type SP), which i s c o n t r o l l e d by a V a r i a c . The oven tube 
i s heated by a Heraeus BR 1.8/25 oven (8) and the t e m p e r a t u r e 
is r e g u l a t e d by a Heraeus RK 42 c o n t r o l system. The 
t e m p e r a t u r e of the s u b s t r a t e b u l b and the b r i d g i n g tube are 
measured u s i n g thermocouples w i t h a D i g i t r o n 2751-K t h e r ­
mometer . 
Some i m p o r t a n t f e a t u r e s o f t h i s apparatus a r e : 
i . the s u b l i m a t i o n o f the s t a r t i n g m a t e r i a l 
proceeds r e g u l a r l y and can be c a r e f u l l y 
c o n t r o l 1 e d ; 
гг. the oven tube i s a r r a n g e d i n a v e r t i c a l manner; 
l a b i l e p r o d u c t s , which tend t o condense i n 
the o u t l e t a r e a , e s p e c i a l l y d u r i n g the p y r o l y s i s 
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of f a i r l y l a r g e q u a n t i t i e s of m a t e r i a l , 
are removed from the h o t zone by g r a v i t y ; 
Hi. t h e r m o l y s e s proceed very c l e a n l y and i n h igh 
y i e l d ; they can be c a r r i e d out on a g r a m - s c a l e , 
the s i z e of the s u b s t r a t e b u l b and the c o l d 
f i n g e r are the on ly l i m i t i n g f a c t o r s ( f o r 
the a p p a r a t u s d e s c r i b e d above the minimum 
q u a n t i t y i s aa. 25 mg and the maximum 
15 g r a m s ) ; 
iv. optimum c o n d i t i o n s f o r each compound can 
e a s i l y be found by v a r y i n g the f o l l o w i n g para­
m e t e r s : oven and p r e h e a t i n g t e m p e r a t u r e , N ^ - f l o w . 
E x p e r i m e n t a l p r o c e d u r e 
The vacuum pump i s s t a r t e d h a l f an hour p r i o r t o the 
e x p e r i m e n t and the c o l d t r a p s are c o o l e d . A f t e r i n t r o d u c t i o n 
o f the sample i n t o the s u b s t r a t e b u l b t h i s i s connected w i t h 
the N p - i n l e t and the b r i d g i n g tube . Then, the c o l d f i n g e r 
i s c o n n e c t e d , the s u b l i m a t i o n oven shoven over the s u b s t r a t e 
b u l b and the a p p a r a t u s e v a c u a t e d . When the p r e s s u r e remains 
c o n s t a n t [aa. 1.5 . 10" mm Hg) the c o l d f i n g e r i s c o o l e d , 
the b r i d g i n g tube heated t o 150-160 0C by means o f the 
h e a t i n g c o r d and the oven s e t t o the d e s i r e d t e m p e r a t u r e 
and s w i t c h e d o n ; i t takes 15-30 minutes t o warm up. N e x t , 
the d e s i r e d N ? - f l o w i s a d j u s t e d and the s u b l i m a t i o n 
oven heated t o the r e q u i r e d t e m p e r a t u r e ( g e n e r a l l y 
aa. 5-10 С below the m e l t i n g p o i n t o f the s u b s t r a t e ) . 
A f t e r c o m p l e t i o n o f the r e a c t i o n the s u b l i m a t i o n o v e n , 
h e a t i n g c o r d and oven are s w i t c h e d o f f , the S p e e d i v a l v e 
i s t u r n e d o f f and the apparatus i s a l l o w e d t o a t t a i n atmos-
* For some s u b s t r a t e s a s p e c i a l i n t r o d u c t i o n p r o c e d u r e 
i s f o l l o w e d ; see t h e e x p e r i m e n t s c o n c e r n e d . 
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p h e r i c p r e s s u r e by means o f the N ? - f l o w . The c o l d f i n g e r 
i s d i s c o n n e c t e d and l o c k e d w i t h s t o p p e r s . F i n a l l y , the 
c o l d f i n g e r i s a l l o w e d t o a t t a i n room t e m p e r a t u r e , the 
p r o d u c t d i s s o l v e d i n e t h e r o r di c h i o r o m e t h a n e and the 
s o l v e n t e v a p o r a t e d ги vacuo. 
To e s t a b l i s h the most f a v o u r a b l e r e a c t i o n c o n d i t i o n s 
f o r each compound smal l s c a l e p y r o l y s e s {aa. 50 mg) were 
p e r f o r m e d . However, the optimum c o n d i t i o n s thus f o u n d , have 
t o be s l i g h t l y m o d i f i e d , when l a r g e r q u a n t i t i e s o f m a t e r i a l 
are p y r o l y z e d . U s u a l l y , somewhat l o w e r oven t e m p e r a t u r e s 
(5-15 0 C) are then r e q u i r e d . 
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C H A P T E R 3 
[4+2]CYCLOADDITION REACTIONS OF DIHYDROINDENONE ACETALS. 
SYNTHESIS OF HOMOBASKETANE SYSTEMS 
3 1 I'lTROOlCTIO'l 
Our approach t o a f a i r l y g e n e r a l r o u t e t o s t r a i n e d 
p o l y c y c l i c cage s t r u c t u r e s , as o u t l i n e d i n a r e t r o s y n t h e t i с 
manner i n scheme 3 . 1 , i n c l u d e s t h r e e p r i n c i p a l s t e p s , ьг. ( . ) 
Cope rearrangement of a methanol ndenone t o a d i h y d r o i n d e -
none d e r i v a t i v e , ( г г ) a D i e l s - A l d e r r e a c t i o n of t h i s d i h y -
droindenone a c e t a l w i t h a p p r o p r i a t e d i e n o p h i l e s thus p r o ­
d u c i n g a p h o t o p r e c u r s o r system and ( г г г ) a [2+2] p h o t o c y -
c l i z a t i o n of the p h o t o p r e c u r s o r t o a cage m o l e c u l e . 
The s y n t h e s i s o f v a r i o u s d i h y d r o i n d e n o n e d e r i v a t i v e s has 
a l r e a d y been d e s c r i b e d i n the p r e v i o u s c h a p t e r . 
scheme 3.1 
Cm 
^ 
( Г Ч φ 
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From i t s d i s c o v e r y i n 1928' the D i e l s - A l d e r r e a c t i o n 
has developed t o one of the most u s e f u l r e a c t i o n s i n o r g a ­
n i c c h e m i s t r y . Year ly numerous p u b l i c a t i o n s appear d e a l i n g 
w i t h p r e p a r a t i v e and m e c h a n i s t i c aspects o f t h i s p a r t i c u l a r 
2 3 
c y c l o a d d i t i on r e a c t i o n ; asymmetr ic i n d u c t i o n ' and 
a p p l i c a t i o n o f h igh p r e s s u r e 1 * ' 5 are r e l a t i v e l y new t o p i c s . 
In many r o u t e s t o p o l y c y c l i c cage compounds the s y n t h e s i s 
o f the p r e c u r s o r f o r the p h o t o c h e m i c a l c y c l i z a t i o n 
i n v o l v e s an ι n t e r m o l e c u l a r c y c l o a d d i t i on i n g e n e r a l 6 " 8 or 
a D i e l s - A l d e r r e a c t i o n i n p a r t i c u l a r 9 " 1 3 . This is i l l u s ­
t r a t e d i n the s y n t h e s i s of cubane c a r b o x y l i c a c i d 1 0 ' 1 2 , 
which i s o u t l i n e d i n d e t a i l m s c h e m e 1 . 1 . The r e q u i r e d 
methanolndene s k e l e t o n i s p r e p a r e d by a [ 4 + 2 ] c y c l o a d d i t i o n 
of two i d e n t i c a l c y c l o p e n t a d i e n o n e a c e t á i s . 
In the r e t r o s y n t h e t i с a n a l y s i s o f our approach to cage 
compounds w i t h the g e n e r a l s t r u c t u r e 1 the D i e l s - A l d e r 
r e a c t i o n plays an e s s e n t i a l r o l e . Not o n l y the s y n t h e s i s 
o f compounds 5^  makes use of i t , b u t a l s o f o r the c o n s t r u c ­
t i o n of the b r i d g e С , r e q u i r e d t o s t u d y the r e l a t i o n s h i p 
between r e a c t i v i t y and s t r a i n f e a t u r e s o f _1 a [ 4 + 2] c y c l o a d ­
di uion o f d i h y d r o i n d e n o n e a c e t á i s 4 w i t h a p p r o p r i a t e 
d i e n o p h i l e s i s p lanned . A s i m i l a r approach of c o n s t r u c -
t i n g a carbon cha in o f v a r i a b l e l e n g t h has been chosen 
by Barborak et al.11* i n t h e i r s tudy o f the c o r r e l a t i o n o f 
s t r u c t u r e and t r a n s a n n u l a r i n t e r a c t i o n i n a se r ies of cage 
compounds. A l t e r n a t i v e l y , Yamashita and Muka i 1 5 s y n t h e s i z e d 
a s e r i e s o f pho top recu rso rs _3 by i n t r o d u c t i o n o f a v a r i a b l e 
carbon chai η p r i o r t o the Cope r e a r r a n g e m e n t . 
In the l i t e r a t u r e many r e p o r t s have been p u b l i s h e d 
d e a l i n g w i t h D i e l s - A l d e r r e a c t i o n s of compounds c o n t a i n i n g 
a c y c l o h e x a d i e n e m o i e t y . However, l i m i t e d i n f o r m a t i o n i s 
a v a i l a b l e about the b e h a v i o u r o f d i h y d r o i n d e n e d e r i v a t i v e s . 
In most cases adducts were o n l y p r e p a r e d f o r the purpose 
o f e s t a b l i s h i n g the s t r u c t u r e o f the d i e n e p a r t n e r . 
C o n s e q u e n t l y , a lmost i n v a r i a b l y r e a c t i v e d i e n o p h i l e s , 
- 8 2 -
e s p e c i a l l y m a l e i c a n h y d r i d e (MAA) 1 6 1 9 , t e t r a c y a n o -
ethene ( T C N E ) 7 0 " 2 2 and 4 - p h e n y l - 1 , 2 , 4 - t r i a z o l i ne-3 , 5 -
d i o n e 1 8 ' 2 3 have been a p p l i e d . The c h e m i s t r y of the adducts 
themselves has r e c e i v e d l i t t l e a t t e n t i o n . 
The p a r e n t di h y d r o i ndenone _7 was s y n t h e s i z e d i n 
1954 by A l d e r and F l o c k 1 6 ; they r e p o r t e d a l s o the i s o l a t i o n 
of the adduct 8 (scheme 3 . 2 ) . The f o r m a t i o n and s t r u c t u r e 
of 8 were c o n f i r m e d by o t h e r g r o u p s 2 " ' 2 5 . Vogel and Wyes 2 5 
scheme 3.2 
МДД 
0 0 46 
* ^ \ V/COOEt 
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reported the preparation of 9 via FVT and its reaction with 
maleic anhydride and dimethyl acetylenedicarboxylate 
(scheme 3.2). 
Dihydroindenone derivatives 4 are key intermediates 
in our approach to a synthetic route to cage molecules. 
As described in the previous chapter a variety of com-
pounds 4 is accessible via FVT of methanolndenones 5. 
Reaction of 4 with dienophilic reagents A=B affords the 
adducts 12 (scheme 3.3). To obtain a new precursor for the 
s c h e m e 3 . 3 
Cope A = B 
A.» 
12 13 
Br2 
0 M B r 
hv 
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photochemical c y c l i z a t i o n the a c e t a l f u n c t i o n o f adducts 
12 has to be removed. Some d i h y d r o i n d e n o n e d e r i v a t i v e s 
12 a l r e a d y have a bromine atom a t C ( 2 ) ; i f t h i s i s not 
the case compounds J_3 have t o be b r o m i n a t e d a t t h a t p o s i ­
t i o n to a l l o w cage t r a n s f o r m a t i o n r e a c t i o n s i n a f u r t h e r 
s t a g e . A method f o r α - b r o m i n a t i on of a t r i c y c l i c enone 
system has been d e s c r i b e d by R a q u e t t e 2 6 , a m o d i f i c a t i o n 
h e r e o f has been used f o r the p r e p a r a t i o n of compound ^0 
( p . 4 9 ) . F i n a l l y , p h o t o c y c l ι z a t i on o f _1_4 i s expected 
t o g i v e cage molecules _15 which are s u i t a b l e s u b s t r a t e s 
f o r cage t r a n s f o r m a t i o n r e a c t i o n s . 
Since t h e r e i s o n l y scarce i n f o r m a t i o n about the 
r e a c t i v i t y o f d i h y d r o i n d e n o n e a c e t á i s i n D i e l s - A l d e r 
r e a c t i o n s we dec ided to exp lo re f i r s t l y the chemical 
behav iour o f these systems towards d i e n o p h i l e s . The o u t -
come of t h i s s tudy then can guide us i n choos ing the 
proper d i e n o p h i l e s f o r a c h i e v i n g our goal w i t h regard 
to s t r a i n e d cage systems 
3 . 2 DIELS-ALDER REACTIONS OF DTHYDROItiDc,"ïOill· АСЫ ALS. 
PREPARATION OF PRECURSORS I OR THE PHOTOCHEMICAL 
CYCLI¿ATIOh 
Al though a number of f u n c t i o n a l ι zed d i h y d r o i n d e -
none ace tá i s are a c c e s s i b l e by the methods desc r ibed i n 
chap te r 2 and 4 , the parent system 9_ was s e l e c t e d f o r the 
s tudy o f the D i e l s - A l d e r r e a c t i v i t y . This cho ice i s 
based on the f o l l o w i n g reasons 
v. e f f e c t s o f s u b s t i t u e n t s i n D i e l s - A l d e r r e a c t i o n s 
are w e l l documented. The r e a c t i v i t y o f s u b s t i -
t u t e d d ihydro indenone a c e t á i s can be deduced 
from the r e s u l t s ob ta ined w i t h the pa ren t mole-
c u l e , 
t í . cyc lohexad iene and r e l a t e d compounds are not 
very r e a c t i v e pa r tne rs i n [ 4 + 2 ] c y c l o a d d i t i on 
-85 -
reactions^ 7 ' 2 θ. Often prolonged reaction times, 
acceleration by heating or Lewis acid catalysis 
are neccessary to achieve sufficient conversion. 
Therefore, at least a reasonable stability of 
the dihydroindenone derivative concerned is 
required. The parent compound j) fulfils this 
requirement unlike the more functionali zed 
s ubstrates. 
The adduct _1£ w a s synthesized previously by Vogel 
and W y e s 2 5 . In practice, however, some difficulties were 
encountered in the preparation and purification of 10. 
The reaction proceeds much slower than is indicated 
(days instead of hours). Moreover, adduct K) has to be 
handled with great care because of its easy hydrolysis 
to the corresponding ketone. THF turned out to be a more 
suitable solvent than ether, that was recommended 2 5. 
A yield of 80 % was obtained by using THF. 
The stereochemistry of JJ] cannot be deduced unambiguous­
ly from the spectral data. This also applies for other 
reaction products of dihydroindenone acetáis with maleic 
anhydride [vide infra) as well as for structurally related 
adducts ' θ' 2 9. However, formation of the isomer 10a, resul­
ting from an endo attack of the dienophile from the un­
shielded side of the diene, seems most likely 3 0. 
fi gure 3.1 
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A l t h o u g h h y d r o l y s i s o f 10a t a k e s p l a c e e a s i l y , 
e f f i c i e n t c o n v e r s i o n t o 8 gave some p r o b l e m s . S p e c i a l 
r e a c t i o n c o n d i t i o n s a r e r e q u i r e d t o p r e v e n t t h e u n d e s i r e d 
o p e n i n g o f t h e c y c l i c a n h y d r i d e . The b e s t r e s u l t s w e r e 
o b t a i n e d by t r e a t i n g a s u s p e n s i o n o f 10a i n 0 . 5 N a q u e o u s 
h y d r o c h l o r i c a c i d f o r 0 . 5 h (scheme 3 . 4 ) 
scheme 3 . 4 
0 5 M HCl 
H20 
B r o m i n a t i o n and s u b s e q u e n t d i h y d r o b r o m i n a t i on o f 8 was 
f i r s t a t t e m p t e d as d e s c r i b e d f o r c o m p o u n d ^ 0 ( p . 4 9 ) . 
T h i s r e s u l t e d i n an i n c o m p l e t e r e a c t i o n . By c h a n g i n g t h e 
s o l v e n t f r o m c a r b o n t e t r a c h l o r i d e t o d i c h i o r o m e t h a n e 
and r e f l u x i n g t h e m i x t u r e f o r one n i g h t a 91 « y i e l d o f 
16 was o b t a i n e d . 
The s y n t h e s i s o f compound _Π was a l s o r e p o r t e d by 
V o g e l and W y e s 2 5 . H y d r o l y s i s o f _1_1 w i t h d i l u t e d h y d r o c h l o ­
r i c a c i d a f f o r d e d Γ7 i n more t h a n 90 % y i e l d ( s c h e m e 3 . 5 ) 
scheme 3.5 
COOEt 
COOEt 
075 M HCl 
IHF, HjO 
COOEt 
1) B r , 
2) Et3N 
(>90%) 
COOEt 
( 7 2 % ) 
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Bromi n a t i on-dehydrobromi n a t i on o f J_7 under the same con­
d i t i o n s as employed f o r the MAA adduct _16_ d i d not r e s u l t 
i n the f o r m a t i o n of the expected p r o d u c t _18 . A f t e r 
work-up a m i x t u r e o f compounds was i s o l a t e d ; i n the NMR 
spectrum no s i g n a l s i n the o l e f i n i c r e g i o n were p r e s e n t . 
T h e r e f o r e , we r e t u r n e d t o the o r i g i n a l procedure ( p . 4 9 ) , 
which f u r n i s h e d 18 i n a y i e l d o f 72 %. 
Both 16_ and 18^ can a l s o be p r e p a r e d d i r e c t l y 
from the d i h y d r o i n d e n o n e a c e t a l 19a (scheme 3 . 6 ) . No 
scheme 3.6 
COOEt 
V . COOEt 
"A, 
21з 
ff 
COOEt 
difficulties were encountered in the cycloadJiti on step 
affording 2^ 0a and 21a, respectively. However, selective 
hydrolysis of the acetal functions was troublesome, es­
pecially for compound ^0_a. As already mentioned mild reac­
tion conditions are required to prevent the concurrent 
opening of the cyclic anhydride function. Unfortunately, 
such conditions are not sufficient to remove the acetal 
function. The best results were obtained using 1.0 N 
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aqueous h y d r o c h l o r i c a c i d f o r 1 h; a modest y i e l d of 
30 % of _16_ was i s o l a t e d . S i m i l a r o b s e r v a t i o n s , a l t h o u g h 
less p r o n o u n c e d , were made d u r i n g the h y d r o l y s i s o f 21a 
t o JL8 . P r o b a b l y , the h y d r o l y s i s of the a c e t a l f u n c t i o n 
is i n f l u e n c e d by the C ( 2 ) - b r o m i n e atom; no m e c h a n i s t i c 
e x p l a n a t i o n can be o f f e r e d y e t . 
The p a r e n t di h y d r o i ndenone system 9^  was a l s o t r e a ­
ted w i t h t e t r a c y a n o e t h e n e . As expected the adduct 2_2 was 
f o r m e d , which was h y d r o l y z e d t o the ketone 2J3 (scheme 3.7) 
scheme 3.7 
TCNE u© 
M 
23 !69·/.) 
Since the compounds Tl and 22 are d i f f i c u l t t o handle due 
t o t h e i r low s o l u b i l i t y i n most o r g a n i c s o l v e n t s and 
s i n c e the f o u r cyano groups p r e s e n t o f f e r not much o p p o r ­
t u n i t i e s t o cage t r a n s f o r m a t i o n r e a c t i o n s , the p r e p a r a ­
t i o n o f the 2-bromo d e r i v a t i v e of 2_3 was n o t a t t e m p t e d . 
The r e a c t i v i t y o f d i h y d r o i n d e n o n e d e r i v a t i v e s 
19b and 19с was s t u d i e d i n [ 4 + 2 ] c y c l o a d d i t i on r e a c t i o n s 
us ing the d i e n o p h i l e s mentioned above (scheme 3 . 8 ) . 
The r e s u l t s o b t a i n e d i n d i c a t e t h a t a bromine s u b s t i t u e n t 
a t t a c h e d t o C(4) o f the diene moiety e x e r t s l i t t l e or no 
e f f e c t on the r e a c t i o n r a t e . The r e a c t i v i t y of the diene 
m o i e t y , however, i s enhanced by an SCH, group a t t a c h e d to 
C ( 4 ) , a l t h o u g h n o t s u f f i c i e n t t o r e a l i z e c y c l o a d d i t i o n s 
w i t h l e s s r e a c t i v e d i e n o p h i l e s . 
Assuming a s u c c e s s f u l p h o t o c y c l i z a t i o n o f the 
adducts p r e p a r e d so f a r , the r e s u l t i n g cage compounds 
-89-
scheme 3.8 
b X = Br 
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would not be very u s e f u l f o r the i n t e n d e d study of the 
r e l a t i o n s h i p between r e a c t i v i t y and s t r a i n f e a t u r e s 
Only the c y c l i c a n h y d r i d e f u n c t i o n c a n , i n p r i n c i p l e , 
be c o n v e r t e d i n t o a c a r b o n - c a r b o n double b o n d 3 1 . There­
f o r e , we t u r n e d our a t t e n t i o n t o adducts o f the type 3, 
which a l l o w t r a n s f o r m a t i o n s of the С - b r i d g e i n the stage 
m 
of the cage p r o d u c t 2 (scheme 3 . 1 ) . An a t t r a c t i v e b r i d g e 
i s the -CH?C0- m o i e t y . I n t r o d u c t i o n of t h i s u n i t by means 
of a r e a c t i o n of the d i h y d r o i n d e n o n e 4 w i t h ketene is 
ι r r p r a c t i cal . T h e r e f o r e , a number of ketene e q u i v a l e n t s 
were d e v e l o p e d , e.g. a - a c e t o x y a c r y 1 o m t r i l e , α - c h i o r o a c r y -
l o m t r i l e , α - c h l o r o a c r y l oyl c h l o r i d e and m t r o e t h e n e 3 2 . 
The f i r s t ment ioned reagent i s o n l y m o d e r a t e l y a c t i v e 
( r e a c t i o n t e m p e r a t u r e s above 100 С are u s u a l l y r e q u i r e d ) 
and f u r t h e r m o r e , the c o n v e r s i o n i n t o the c a r b o n y l f u n c t i o n 
needs r a t h e r d r a s t i c c o n d i t i o n s . α - C h l o r o a c r y l o y 1 c h l o r i d e 
is an a g r e s s i v e compound and t h e r e f o r e less s u i t e d f o r the 
- 9 0 -
p r e s e n t p u r p o s e . A l t h o u g h n i t r o e t h e n e i s h i g h l y r e a c t i v e , 
i t i s not e a s i l y a c c e s s i b l e and u n s t a b l e ; f u r t h e r m o r e the 
c o n v e r s i o n o f the n i t r o group i n t o the c a r b o n y l f u n c t i o n 
proceeds i n moderate y i e l d (55-65 % ) . a - C h l o r o a c r y l o n i t r i 1 e 
u s u a l l y r e a c t s a t 60-80 0C and the u l t i m a t e c o n v e r s i o n i n t o 
the ketone i s r a t h e r m i l d (scheme 3 . 9 ) . 
scheme 3.9 
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As the t e m p e r a t u r e r e q u i r e d f o r t h i s D i e l s - A l d e r r e a c t i o n 
may cause a r o m a t i z a t i o n o f the d i h y d r o i n d e n o n e a c e t á i s , 
the thermal s t a b i l i t y o f the pa ren t s u b s t r a t e 9^  was t e s t e d 
by h e a t i n g i t i n re f l u x i n g benzene f o r 48 h. No s i g n i f i -
can t a r o m a t i z a t i o n was observed . In analogy w i t h the 
procedure desc r i bed f o r t h e c y c l o a d d i t i o n of 1 , 3 - cyc l ohexa -
d iene a 1:1 m i x t u r e of 9 and ct-chl o roac ry 1 oni t r i 1 e 25 was 
heated at 75 С and the p r o g r e s s o f the r e a c t i o n m o n i t o r e d 
by NMR. D i s a p p o i n t i n g l y , a t no s tage of the r e a c t i o n 
t h e presence of the d e s i r e d adduct c o u l d be d e m o n s t r a t e d . 
The s p e c t r a t a k e n r e v e a l e d on ly s i g n a l s o r i g i n a t i n g f r o m 
both r e a c t a n t s and from i n d a n - 1 - o n e e t h y l e n e a c e t a l formed 
d u r i n g the r e a c t i o n p r o c e s s . A f t e r c a . 6 h t h e a r o m a t i z a -
t i o n was c o m p l e t e ; the s t r u c t u r e of the m a t e r i a l o b t a i n e d 
was c o n f i r m e d by c o n v e r s i o n i n t o i n d a n - 1 - o n e . When the 
r e a c t i o n was c a r r i e d out i n an i n e r t s o l v e n t ( b e n z e n e , 
c h l o r o f o r m , THF) a t r e f l u x t e m p e r a t u r e , the a r o m a t i z a t i o n 
process proceeded much s l o w e r , however, no adduct was 
- 9 1 -
formed e i t h e r . 
I t i s c o n c e i v a b l e t h a t under the r e a c t i o n c o n d i t i o n s 
employed j - c h l o r o a c r y l o n i t r i 1 e r e l e a s e s smal l q u a n t i t i e s 
o f h y d r o c h l o r i c a c i d . A d d i t i o n of 1 e q . of t r i e t h y l ami ne 
and r e p e a t i n g the e x p e r i m e n t s d e s c r i b e d above gave no 
i m p r o v e m e n t ; on the c o n t r a r y , a r o m a t i z a t i o n proceeded even 
more r a p i d l y . 
In an a t t e m p t t o p r e v e n t t h i s a r o m a t i z a t i o n the r e a c t i o n 
t e m p e r a t u r e was lowered t o 20 C; no r e a c t i o n took p l a c e . 
I t has been r e p o r t e d , t h a t the r e a c t i v i t y of a - c h l o r o a c r y -
l o n i t r i l e at room t e m p e r a t u r e can be enhanced by Lewis 
a c i d s 3 2 . Employment o f these c a t a l y s t s (BFg.EtpO, F e C K , 
Z n C K . A l ( t B u O ) 3 ) gave e i t h e r a r o m a t i z a t i o n or no r e a c ­
t i o n . 
A p p a r e n t l y , the presence o f two e l e c t r o n - w i t h ­
drawing s u b s t i t u e n t s g e m i n a l l y a t t a c h e d t o ethene d o e s n ' t 
p r o v i d e s u f f i c i e n t D i e l s - A l d e r a c t i v a t i o n . I t was t h e r e ­
f o r e d e c i d e d t o i n t r o d u c e more e l e c t r o n - w i t h d r a w i n g 
groups i n o r d e r t o enhance the d i e n o p h i 1 i c i t y . Thus, 
d i e n o p h i l e s 28 were s e l e c t e d w i t h the e x p e c t a t i o n o f a 
r e a c t i v i t y i n t e r m e d i a t e between TCNE and a - c h l o r o a c r y -
l o n i t r i l e . These d i e n o p h i l e s ^ 8 a r e , o f c o u r s e , no ketene 
equi v a l e n t s . 
Under the same c o n d i t i o n s as employed f o r a - c h i o r o a c r y -
l o n i t r i l e , d i h y d r o i ndenone a c e t a l 9_ showed no r e a c t i v i t y 
towards d i e n o p h i l e s 28a and 28b. Only s t a r t i n g m a t e r i a l 
and/or i n d a n - l - o n e e t h y l e n e a c e t a l were i s o l a t e d . However, 
t r e a t m e n t of 9^  w i t h 2 3 c , h a v i n g a p - n i t r o s u b s t i t u e n t , 
gave a f t e r h e a t i n g a t r e f l u x i n t o l u e n e f o r 18 h , an 
adduct ( y i e l d 52 %) a l o n g w i t h some a r o m a t i z e d m a t e r i a l 
(scheme 3 . 1 0 ) . 
On the b a s i s of i t s s p e c t r a l f e a t u r e s (NMR and MS) s t r u c ­
t u r e 29c was a s s i g n e d t o the a d d u c t . As e x p e c t e d both 
r e g i o i s o m e r s are f o r m e d , a c c o r d i n g t o the NMR s p e c t r u m 
i n a r a t i о o f ca. 1 : 1 . 
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scheme 3.10 
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An a t t r a c t i v e d i e n o p h i l e is the v i n y l s u l f o x i d e 
30, which can s e r v e as an a c e t y l e n e e q u i v a l e n t (scheme 
3 . 1 1 ) 3 3 . U l t i m a t e l y , c y c l o a d d i t i ons w i t h 30 w i l l then lead t o 
scheme 3.11 
H 
+ H,C=C-S-Tol 
1
 II 
0 
30 32 
а С - b r i d g e c o n s i s t i n g of a c a r b o n - c a r b o n double b o n d . 
m 3 э 
I n t r o d u c t i o n o f such a b r i d g e is a l s o c o n c e i v a b l e t h r o u g h 
i n i t i a l c y c l o a d d i t i o n w i t h m a l e i c a n h y d r i d e {vide supra). 
D i e n o p h i l e _30 i s r e a d i l y a c c e s s i b l e t h r o u g h r e a c t i o n o f 
e t h y l p - t o l u e n e s u l f i n a t e 3 " and v i n y l magnesium b r o m i d e . 
At tempts t o a c c o m p l i s h a D i e l s - A l d e r r e a c t i o n between 
30 and the p a r e n t d i h y d r o i ndenone d e r i v a t i v e 9_, e i t h e r i n 
s o l u t i o n or w i t h o u t s o l v e n t , a t room t e m p e r a t u r e or a t 
75 C, were u n s u c c e s s f u l . Pro longed h e a t i n g i n t o l u e n e 
a t r e f l u x t e m p e r a t u r e caused o n l y a r o m a t i z a t i o n and no 
adduct f o r m a t i o n a t a l l . 
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H e t e r o d i e n o p h i l e s , u n l i k e t h e i r a l l carbon coun­
t e r p a r t s , r e c e i v e d l i t t l e a t t e n t i o n i n the D i e l s - A l d e r 
r e a c t i o n . T h i o c a r b o n y l c o n t a i n i n g compounds r e p r e s e n t a 
c a t e g o r y o f h e t e r o d i e n o p h i 1 es which are u s u a l l y r a t h e r 
e f f e c t i v e i n c y c l o a d d i t i on r e a c t i o n s 3 5 ' Э 6 . Thiophosgene 
has proven t o be a u s e f u l d i e n o p h i l e i n r e a c t i o n s w i t h 
c y c l o p e n t a d i e n e 3 7 " 3 9 and 1 , 3 - c y c l o h e x a d i e n e " 0 . The 
c h l o r i n e atoms i n the c y c l o a d d u c t s can r e d u c t i v e l y be 
removed w i t h Li Al H. 3 " ц 0 , u l t i m a t e l y a f f o r d i n g adducts 
f o r m a l l y d e r i v e d f rom t h i o f o r m a l d e h y d e . 
D i s a p p o i n t i n g l y , the d e s i r e d c y c l o a d d i t i on between d i h y -
d r o i n d e n o n e a c e t a l 9^  and t h i o p h o s g e n e c o u l d not be r e a l i z e d , 
no m a t t e r which c o n d i t i o n s were employed (20 0 C , -78 C, 
a d d i t i o n o f s o l i d NaHC03, d i r e c t r e d u c t i o n w i t h L i A l H . , 
e t c . ) . Only a r o m a t i z e d JJ was o b t a i n e d . The less r e a c t i v e 
t h i o c a r b o n y l compounds 33b-d a l s o r e f u s e d t o r e a c t 
w i t h 9. Only a r o m a t i z e d m a t e r i a l c o u l d be i s o l a t e d . 
scheme 3.12 
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A s u l f i n e , viz. f 1 u o r e n e t h i o n e S-oxide was a l s o a t t e m p ­
t e d as d i e n o p h i l e , however w i t h o u t s u c c e s s . A g a i n , 
a r o m a t i z a t i o n was the o n l y r e a c t i o n o b s e r v e d . I t s h o u l d 
be n o t e d t h a t the employed c o n d i t i o n s are r a t h e r m i l d 
and on themselves n o t severe enough t o cause a r o m a t i -
z a t i o n . A p p a r e n t l y , the t h i o c a r b o n y l compounds i n some 
way promote t h i s a r o m a t i z a t i o n p r o c e s s . However, an 
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a c c e p t a b l e r a t i o n a l e f o r t h i s o b s e r v a t i o n cannot be 
g i ven. 
Another c a t e g o r y o f r e a c t i v e d i e n o p h i l e s i s formed 
by n i t r o s o c o m p o u n d s э 5 ' 3 6 " * 1 . E s p e c i a l l y a r y l n i t r o s o 
compounds have been w e l l s t u d i e d " 2 " * 3 . 
Treatment of the di h y d r o i ndenone a c e t a l 9^  w i t h 1.05 e q . 
of n i t r o s o b e n z e n e i n p e t r o l e u m e t h e r l e d t o a c o l o u r 
change from b r i g h t green t o n e a r l y c o l o u r l e s s i n ca. 30 
m i n . A f t e r work-up a y e l l o w adduct was i s o l a t e d t o 
which s t r u c t u r e 36^ was a s s i g n e d on the b a s i s o f i t s 
s p e c t r a l f e a t u r e s (scheme 3 . 1 3 ) . The adduct spontaneous­
l y h y d r o l y z e s i n the a i r t o the c o r r e s p o n d i n g ketone 37. 
scheme 3.13 
0 0 
The d e a c e t a l i z a t i o n o f 36 c o u l d a l s o be a c c o m p l i s h e d i n 
a s i i g h t l y a c i d i с medi urn. As was e v i d e n t from the NMR 
s p e c t r u m o f ?6 the p r o d u c t s 36^ and ^Z c o n s i s t e d of a 
m i x t u r e of both r e g i o i s o m e r s i n a r a t i o of σα. 2 : 1 . 
From t h e e x p e r i m e n t s d e s c r i b e d above the c o n c l u ­
s i o n can be drawn t h a t d i h y d r o i n d e n o n e d e r i v a t i v e s are 
m o d e r a t e l y r e a c t i v e p a r t n e r s i n D i e l s - A l d e r r e a c t i o n s . 
Enhancement o f t h e r e a c t i v i t y t h r o u g h c a t a l y s i s w i t h 
Lewis a c i d s or by a p p l y i n g heat i s n o t f e a s i b l e due t o 
the compet ing a r o m a t i z a t i o n . Hence, the a p p l i c a b i l i t y o f 
d i h y d r o i n d e n o n e a c e t á i s i n the s y n t h e s i s o f cage compounds 
i s r a t h e r l i m i t e d . 
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3 . 3 SYNTHESIS OF HOMOBASKETAVE SYSTEMS BY [2+2] 
CYCLIZATIOiï OF ETHANCI.WENONE DERIVATIVES 
Our concept o f a genera l r o u t e to s t r a i n e d 
p o l y c y c l i c compounds i s s e r i o u s l y i n v a l i d a t e d by the 
d i s a p p o i n t i n g low r e a c t i v i t y o f d ihydro indenone a c e t á i s 
i n D i e l s - A l d e r r e a c t i o n s . For t h i s reason we decided 
to e x p l o r e the chemical r e a c t i v i t y o f these molecules 
i n a broader c o n t e x t (see chap te r 4 ) ; c o n s e q u e n t l y , 
the o b j e c t i v e o f s y n t h e s i z i n g a number o f cage s t r u c -
t u r e s , which show a v a r i a t i o n i n s t r a i n f e a t u r e s , had to be 
abandoned. Only two of the D i e l s - A l d e r adducts o b t a i n e d 
were s u b j e c t e d t o a [2+2 ] p h o t o c y c l i z a t i o n r e a c t i o n . 
In the l i t e r a t u r e cage f o rm ing c y c l i z a t i o n s have 
been r e p o r t e d , w i t h s u b s t r a t e s c o n t a i n i n g an anhydr ide 
moi e ty 6 , 7 , 1 9 . ; the y i e l d s were on l y modera te . I r r a d i a t i o n 
o f the p r e c u r s o r 16^ us ing a Hanau h i g h - p r e s s u r e mercury 
arc and a Pyrex f i l t e r gave the expected cage compound 
38 (scheme 3 . 1 4 ) . However, some e x p e r i m e n t a t i o n was 
scheme 3 .14 
0 Br 
hv 
[2*2] cyclization 
IS 38 (757.) 
needed to e s t a b l i s h the optimum c o n d i t i o n s . The bes t 
r e s u l t s were o b t a i n e d by i r r a d i a t i o n i n a c e t o n i t r i l e 
f o r 8 h; more b y - p r o d u c t s were formed when 16_ was 
i r r a d i a t e d i n acetone or benzene. In methanol open ing o f 
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the anhydride ring took place to give a diester. 
Attempted crystallization of 2ñ failed as did thick-
layer chromatography. Purification was achieved by flash 
chromatography over Fiorisi!. The structure of 3Q was 
confirmed by the spectral data. 
Irradiation of the substrate 13_ took a different 
course. At room temperature no formation of the antici-
pated cage product 4J. could be observed. Instead, a 
mixture of several compounds was obtained. Dimethyl 
phtalate was the only compound, which could be identified. 
The result of the reaction was not influenced by the 
solvent used. Irradiation of a methanolic solution of 
18_ (190 mg) for 10 h at -78 0C afforded, after work-
up and thick-layer chromatography, three main products, 
namely starting material _1_8_ (50 m g ) , dimethyl phtalate 
(42 mg) and an unknown compound (63 m g ) , to which struc-
ture 4J. was assigned on the basis of the spectral data 
(scheme 3.15). The NMR and IR spectra of the reaction 
mixture before purification suggested also the presence 
of the methanoindenedione derivative 40. 
0 s cheme 3.15 
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18 0 Br 
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+ 
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A f t e r s t a n d i n g f o r weeks at room t e m p e r a t u r e the o i l y 
41 was c o n v e r t e d i n t o a s o l i d m a t e r i a l . The s p e c t r a l 
data of t h i s s o l i d r e v e a l e d t h a t w a t e r had added t o 
the c a r b o n y l f u n t i o n of 4_1 to g ive the c o r r e s p o n d i n g 
h y d r a t e . 
The f o r m a t i o n of d i m e t h y l p h t a l a t e can be e x p l a i ­
ned by assuming a l i g h t induced г-ь t r e - D i e l s-Al der reac­
t i o n , which i s t r i g g e r e d by the e l i m i n a t i o n of an aroma­
t i c fragment'*' ' This type of re t r o - D i e 1 s-Al der reac­
t i o n s i s n o t uncommon f o r adducts of the t y p e _182 5 ; 
however u s u a l l y i t i s i n i t i a t e d at e l e v a t e d t e m p e r a t u r e s 
and n o t by l i g h t . 
3. 4 EAPÍ -іІУ.Е ,. , ' 
General 
The general remarks mentioned in section 2.h are also valid for the 
experiments described in this section. 
Maleic anhydride was purified by crystallization from ether. 
Nitrosobenzene was purified by crystallization from petroleum-
ether . 
Acetonitrile was dried on CaCl. and then distilled from Ρ,ΟΓ-
Syntheses 
iVcuö-ï- Ίχο-υα, 4, 7, 7a-tetraii^dro-4, 7-c thanoindena- τ , J -dicarboxyl ir 
ticid anhydride 1-ethylene aretai 10a 
A s o l u t i o n o f d i h y d r o i ndenone a c e t a l 9. ( 3 . 0 1 2 g , O . O I 7 I mol) i n d r y 
THF (15 ml) was r a p i d l y added t o a s t i r r e d s o l u t i o n o f m a l e i c 
a n h y d r i d e ( I . 7 0 g , 0 . 0 1 7 3 m o l ) i n THF (35 m l ) . The m i x t u r e was 
k e p t a t 20 С f o r k d a y s ; a f t e r t h a t p e r i o d t h e THF was removed 
'' JJ.JJ.C and t h e r e s u l t i n g s o l i d m a t e r i a l t a k e n up i n d i c h l o r o -
m e t h a n e (50 m l ) . A f t e r e x t r a c t i o n w i t h w a t e r ( 3 x 5 ml) t h e 
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organic layer was d r i e d (MgSOi) and the s o l v e n t evaporated. C r y s t a l l i ­
z a t i o n from 2-propanol under anhydrous c o n d i t i o n s gave 3-732 g of 
adduct 20a (80 I) : mp 151-152.5 0C ( l i t . 2 5 151-152 0C) . Ή NMR (CDU J 
δ 2.ItO (dd, Η J = 7.9 H z . J , -, = 2.7 Hz); δ 2.90-3.11 (m, I H ) ; 
/ a j a , / и / » / a 
δ 3.12-3.50 (m, 4Η); δ 3-92 (sym m, acetal protons); δ 5.57-6.03 
(m, 3H); δ 6.13-6.37 (m, IH). IR (KBr): i860, 1775, 1630 cm"1. 
m/e: 27** (M+) . 
endo-l-Oxo-3a,4,7,7a-tetrahydro-4,7-ethanoindene- 3, 9 -dtaarboxyZie 
aaid anhydride 8_ 
The combined pure and impure fractions of 10a obtained in the pre­
vious experiment were suspended in 0.5 M aqueous hydrochloric acid 
(60 ml). After stirring for 0.5 h the reaction mixture was poured 
into saturated aqueous sodium bicarbonate (15 ml) and extracted 
with dichloromethane (5 χ 75 ml). The combined organic layers 
were dried (MgSO.) and the solvent evaporated in vacuo to afford 
almost pure j} (3-it2 g, 87 % based on 9^ ) . An analytical ly pure 
sample was obtained by crystallization from ethanol: mp Ikd-lUt.5 С 
(lit. 1 6 21(1 0C) . 'Η NMR (d^-DMSO): δ 2.59 (dd.H-, ,J, , = 5-6 Hz, 
b /a ja, /a 
J 7 ( 7 a = 3-0 Hz); δ 3.10-3.A? (m, 3H) ; δ 3.
1
*7-3.65 (m, 2H) ; δ 5-85-
6.10 (m, 2H); δ 6.20 (dd, Η , J 2 ,
 =
 5-9 Hz, J2 , = 1.6 Hz); 
δ 7-65 (dd, Η,, J, , = 2.6 Hz). IR (KBr): 1840, 177't, 1690, 
-1 i ì ' i a + 
1586 cm . m/e: 230 (M ). Anal. cale, for С ,Η^Ο,: С, 67.82; Η k.ìB; 
found С, 67.87; Η, 4.hi %. 
endo-Z-Bromo-l-oxo-òa, 4, 7, 7a-tetrahydr>o-4, 7-ethanoindene- 8,9-
diaarboxylie aaid anhydride 16_ 
To a s t i r r e d s o l u t i o n of 8^  (І.^ЭЭ g, 6.52 mmol) i n dichloromethane 
(125 ml) was r a p i d l y added a s o l u t i o n o f bromine (1.06 g , 6.6 mmol) 
in dichloromethane (10 m l ) . The dark red r e a c t i o n mixture was 
heated a t r e f l u x temperature f o r one n i g h t ; a f t e r t h a t per iod the 
c o l o u r had turned to b r i g h t y e l l o w . The s o l u t i o n was al lowed to 
cool and a s o l u t i o n of t r i e t h y l a m i n e (λ .kOS g , 0.0139 mol) i n 
dichloromethane (6 ml) was added. A f t e r s t i r r i n g f o r 0.5 h a t 
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20 С, the r e a c t i o n m i x t u r e was e x t r a c t e d w i t h saturated ammonium 
c h l o r i d e s o l u t i o n (2 χ 25 ml) and then w i t h water {k χ 15 m l ) . 
The organic layer was d r i e d (MgSO,) and the s o l v e n t removed 
in vaouo t o leave almost pure_l_6 (1.833 g , 91 %) - C r y s t a l l i z a t i o n 
from ethanol gave an a n a l y t i c a l l y pure sample: mp 249-251 С 
lH NMR ( d , -acetone) : 6 2.89 (dd, H_, , J , , = 6.1 Hz, J , -, = З·1* Hz); 
о /a 3a,/a / , / a 
6 З.ЗО-З.7З (m, 5H); δ 6.00-6.23 (m, 2H); δ 7-81 ( d , Η , J j
 З а
 = 
2.6 Hz). IR (KBr): IS^S, 1770, 1705, 1580 c m " 1 , m/e: 308 ( M + ) . 
A n a l . c a l e , f o r C.-HgBrO^: С, 5 0 . 5 1 ; H, 2 .93; found С, 50.55; 
H 2.91 %. 
Dimethyl endo-1 -охо-За, 4, 7} 7a-ietrahydro-4, 7-ethenoindene-
 4
,9-
dicarboxytate І-еЬпуІеке acetal 1J_ 
This compound was synthesized from 9^  (3-032 g , 0.0172 mol) and 
dimethyl acety1enedicarboxyla te {І.к^Ъ g , 0.0172 mol) according to 
the procedure descr ibed by Vogel and Wyes 2 5. A f t e r 3 days the 
r e a c t i o n mixture had become very v i s c o u s ; NMR spectroscopy revealed 
t h a t almost pure _1_1_ was formed ( > 90 %) . A p o r t i o n of the m a t e r i a l 
was c r y s t a l l i z e d f o r a n a l y t i c a l purposes: mp 71-72 С ( l i t . 2 5 72-
73 0C) . 'H NMR ( C , D , ) : δ 2.61 (dd, H, , J , -, = 7-5 Hz, J , -, = 
Ь Ь 7a За,7a 7,7a 
3.1 Hz); δ 2.83-3-03 (m, Н ^ ; δ 3 - M ( s , a c e t a l p r o t o n s ) ; δ Lkl 
( s , CH 3 C0 2 -); 6 З.7З-З.9О (m, H^, J ^ = 3.0 Hz, J^ 5 = 6.0 Hz, 
J, , = 1.5 Hz); δ 1». 10-4.30 (m, H,, J c -, = 1.6 Hz, j ' _ = 6.1 Hz); t . b 7 5,/ b ,7 
δ 5-37-5.60 (m, H2 and H J 2 3 = 6 · 0 H z . J 3 Ъа = 7-0 Hz, J 3 = 
1.3 Hz); δ 5-82-6.04 (m, H,., J r , = 7-5 H z ) ; ' δ 6.28-6.49 ( m , Ή . ) . 
5 5,b _. b 
IR (KBr): 1710, 1641, 1623, I6O8 cm . m/e: 318 (M ). 
Dlmetnyl endo-1-охо-За, 4} 7,7'a-telrahydro-4, 7-ethenovndene- ^',9-
dicarcoxylate 17_ 
The combined pure and impure f r a c t i o n s o f JJ^ obta ined in the p r e ­
vious experiment were d i s s o l v e d in THF (10 ml) and 1 M aqueous 
h y d r o c h l o r i c ac id (30 ml) was added w i t h s t i r r i n g . A f t e r some 
t ime compound _l_7 separated as a b r i g h t y e l l o w m a t e r i a l . This was 
f i l t e r e d o f f a f t e r 45 min and washed w i t h aqueous b icarbonate s o l u -
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tion. The filtrate and washings were combined, neutralized with so­
dium bicarbonate and extracted with di chioromethane (5 x 50 ml). 
The organic layers were combined, dried (MgSO.) and the solvent 
removed гг. ааяо; this afforded a second portion of _1_7. Both crops 
were combined and crystallized from 2-propanol to give 2.177 g 
of Г7 (86 %, based on 9) : mp 120.5-122.5 0C. 'H NMR (CDClJ : 
δ 2.59 (dd, H 7 a, J 3 a j 7 a = 5-8 Hz, J 7 > 7 a = 3.5 Hz); 6 3.11-3.36 
(m, H 3 a) ; 63.78 (s,'cH3C02-) ; δ 't. 02-4.20 (m, Н^, J^ = 5-5 Hz, 
J^
 6 = 1.7 Hz); δ 1».23-4.41 (m, H J5 = 1.5 Hz, J 6' 7 = 5-2 Hz); 
δ 6.01-6.32 (m, H,, H
c
 and H,); δ 7-43 (dd, H,, J, , = 5-6 Hz, J, , 
¿ 3 b i ¿ ,i i,ia 
2.5 Hz); IR (KBr): 1730, 1705, 1640, 1602, I58I cm"!, m/e: 
274 (M+) ; accurate mass cale, for С H^O 274.0841; found 274.0845. 
Dimethyl endo-2-bromo-l-oxo-3a} 4, 7, ?a-telvahydvo-4, 7-eihenoLiidene-
8 , 9 -dicarboxylate 18_ 
To a stirred suspension of ketone _1_7 (0.274 g, 1.0 mmol) in carbon 
tetrachloride (4 ml) was added bromine (O.I68 g, 1.05 mmol) in 
carbon tetrachloride (2 ml). After stirring for 5 min at room 
temperature the initially dark red colour of the solution had 
become pale yellow. The mixture was stirred for a further 10 min; 
then triethylami ne (0.220 g, 2.18 mmol) in carbon tetrachloride (1 ml 
was added. After 0.5 h 25 ml dichloromethane was added, the triethyl-
amine salt was filtered off and washed with dichloromethane (10 ml); 
the organic layers were combined and washed with saturated aqueous 
ammonium chloride solution ( 2 x 5 ml) and dried (MgSO,). Evaporation 
of the solvent yielded after crystallization from carbon tetra­
chloride pure _1_8 (O.254 g, 72 %) : mp 143-145 0C (dec). l\\ NMR 
(CDC1 ): δ 2.69 (dd, Н ^ , Л з
а > 7 а = 5-7 Hz, J., 7 a = 3-5 Hz); δ 3.06-
3.24 (m, H 3 a, J 3 З а = 2.7 Hz); δ 3-79 (s, СН^О^) ; δ 4.07" 
4.22(m,Hi),J/) ς = 5-2 Hz, J^ 6 = 2.6 Hz); δ 4.28-4.48 (sym. m, H , 
J
 7 = 2.6 Hz, J6 = 4.9 Hz); δ 6.10-6.42 (sym. m, H 5 and Hg) ; 
δ 7-58 (d, H ). IR (KBr): 1720, 1640, 1598, 1588, 1580 cm"1. 
m/e: 352 (M+) . Anal. cale, for C^H BrO : C, 51.05; H, 3-71; found 
С, 51.20; H, З.65 %. 
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endo-2-Bromo-l-oxo-¿a,4, /, /a-tel;rakydro-4, 7-et'nanoLndene- 8,9-
áicaPDOxylie acid anhydride l-eihylene acetal 2Ca 
This adduct was prepared f o l l ow ing the procedure as given f o r 
10a from di hydro!ndenone acetal 19a (0.510 g, 2.00 mmol) and 
maleic anhydride (0.201 g, 2.05 mmol). A small po r t i on was c r y s t a l -
l i zed from e thano l : mp 171-5-173 0C. 'h NMR (d6-acetone) : 6 2.SI 
(dd, H 7 a ( J 3 a ) 7 a = 7.7 Hz, J 7 i 7 a = 2.7 Hz) ; б 2.96-3.1 1 * (m, H ^ , J ^ . 
= 2.5 H z h ' ó 3.16-3.35 ( т . ' г н ) ; δ З-Зб-З.^Э (m, 2Н) ; δ 3.93" 
4.27 (m, a c e t a l p r o t o n s ) ; δ 5-80-6.33 (m, H and H,, includes a d at 
δ 6 . 0 1 , H ). IR ( K B r ) : 1850, 1780, 1620 c m - 1 , m/e: 352 ( M + ) . 
Deace ta l ¡za t ¡on : compound 20a was suspended in 1 M aqueous hydrochlo-
r i c ac id (5 ml) and s t i r r e d for 1 h. The work-up procedure as given 
f o r %_ was f o l l o w e d ; a mix ture of several compounds was ob ta ined . 
Chromatography ( F i o r i s i 1, 10 g, ether-dichloromeLhane , 1 : 1 ) gave 
pure 26 (0.185 g , 30 %, based on 19a). 
Dimethyl endo-'¿-bromo-l-oxo-?ia,4, 7, 7a-tetrahydvo-4, 7-ethenoindene-
3 , J -diaarboxylale 1-ethylene aeelal 21a 
This compound was synthesized analogous to the procedure descr ibed 
fo r JJ_ from di hydro! ndenone acetal 19a (0.510 g, 2.00 mmol) and 
dimethyl ace ty lened icarboxy la te (0.284 g, 2.00 mmol). A small 
po r t i on was c r y s t a l l i z e d from carbon t e t r a c h l o r i d e : mp 98-100 C. 
'H NMR (CDC1J: δ 2.48 ( d d , Η J = 7-2 Hz, ·*-,•,= 3-4 Hz); 
δ 2.90-3.23 (m, H ) ; δ 3-70 (s, CHjCO^) ; δ 3-80-4.20 (m, Н^, H 
and a c e t a l p r o t o n s ) ; δ 5-62-5.80 (m, 1H); δ 6.10 ( d , H,, J , , = 
5.8 H z ) ; δ 6.22-6.40 (m, I H ) . IR (KBr): 1712, 1640, 1621, 1609 c m " 1 . 
m/e: 396 (M+) . 
Deacetal i za t ¡on proceeded by the method descr ibed f o r compound 11 
exept tha t 3 M aqueous hydroch lo r i c ac id was used. A f t e r aa. 1 h 
the reac t ion mix ture was neu t ra l i zed w i t h NaHCO, and ex t rac ted 
w i t h d!chloromethane (5 x 25 ml ) . The combined organic layers were 
d r i ed (MgSO.) and the so lvent removed in асло ; t h i s gave a f t e r 
c r y s t a l l i z a t i o n from carbon t e t r a c h l o r i d e 0.465 g of _1_8 (66 %, 
based on 19a). 
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endo- ?, 4-D£bromo- 1-охо-За, 4,7, /a-letraf jdvo-4, 7-ethanj LI dene- ",i>-
dioarboxyl'id acid anhydride l-c ir y 1er e aaetal 2 b 
This adduct was synthesized following the procedure as given for 
10a from dihydroindenone acetal 19b (0.668 g, 2.00 mmol) and maleic 
anhydride (0.201 g, 2.05 mmol). Crystallization from ethanol affor­
ded pure 20b (0.726 g, 84 %) : mp 215-217 0C. Ή NMR (d^acetone) : 
6 2.60 (dd, H 7 a, Л з а > 7 а = 7.6 Hz, J7 7 a = 2.9 Hz); δ 3-15 (dd, H ^ , 
J, , = 2.6 Hz); 6 3*25-3.70 (m, 3H); δ l.SQ-b.lS (m, acetal 
protons); δ 5-90-6.37 (m, H and H,, includes a d at δ 6.05, Η,). 
IR (КВг): 1845, 1775, 16і8 cm"1, m/e: 430 (М+) ; accurate mass 
cale, for С Η Br 0 : 429.9052; found 429.9041. 
endo-2-Bromo-4-me+hylthio-i-oxo-Za, i, 7, 7a-tetrabyaro-4, 7-ethanoin-
dene- S,9 -dicarboxylt'; acid anhydride l-ethyle*e aaetal '¿ig 
Compound 20c was prepared following the procedure as given for 
10a from dihydroindenone acetal 19c (0.301 g, 1.00 mmol, ca. 85 % 
pure) and maleic anhydride (O.O85 g, 0.87 mmol). Crystallization 
from ethanol gave 0.243 g of pure 20c (70 %, based on maleic anhy-
dride): mp 221-222.5 0C. Ή NMR (d6-acetone): δ 1.60 (s, CH^S) ; 
δ 2.65 (dd, H 7 a, J 3 a ( 7 a = 7.4 Hz, J7 7 a = 2.7 Hz); δ 2.98 
(dd, H 3 a, J3 3 a = 2.4 riz); δ 3.20-3.67 (m, ЗН); δ 3.85-4.15 
(m, acetal protons); δ 5-65 (d, Н ^ J 5 6 = 8.1 Hz) ; δ 6.19-6,47 (m, 
H 3 and H 6 ) . IR (KBr): 1855, 1779, 1768,' I6I8 cm"
1
, m/e: 398 (M+) . 
Anal. cale, for C l 6H 1 5Br0 5S C; 48.13; H, 3-79; found С, 48.04; 
н, 3.74 % 
Dimethyl endo-2,4-dibromo-l-oxo-¿a,4, 7, 7a-telrahydro-4,7-ethenoin-
dene- 8, 9 -dioavboxylate 1-ethylene acetal 21b 
The procedure as given for _Π was followed. Starting from 19b 
(0.668 g, 2.00 mmol) and dimethyl acetylenedicarboxylate (0.284 g, 
2.00 mmol) adduct 21b was obtained in a yield of 0.647 g (68 %) 
after crystallization from ethanol: dec. above 120 0C. Ή NMR 
(CDC13): δ 2.50 (dd, Н ^ , J ^ ^ = 7.1 Hz, J ^ ^ = 3-5 Hz); 
δ 3.16 (dd, H 3 a, J3 3 a = 5.5 Hz); δ 3-75 (s, С^СО^) ; δ 3.80-4.25 
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(m, H and acetal protons); δ З-УЗ-З-Э1* (m, IH); δ 6.05-6.37 
(m, 2H, includes a d at δ 6.09 (d, H j . IR (KBr): 1709, 16^2, 1618, 
-1 + 
1604 cm . m/e: 'ty't (M ); accurate mass cale, for Ο^Η.,ΒΓ.Ο,: 
473.ЭЗ^; found 473.9325. 
Dimethyl endo-2-bi>omo-4-methylthio-l-OTo-Za, 4, 7, /a-tevrahydro-
4, 7-ethenoindene- 8
 3 9 -dicarboxyLate l-ethylene aaetal 21a 
This adduct was prepared from dihydroindenone a c e t a l 19c 
(О.ЗОІ g, 1.00 mmol, ca. 85 % pure) and dimethyl a c e t y l e n e d i c a r -
b o x y l a t e (0.121 g , О.О85 m o l ) . Compound 21c was not p u r i f i e d ; 
the y i e l d was ca. 40 % (NMR). Ή NMR ( C D C l J : δ 1 .67 (s, CH,S-) ; 
δ 2.55 ( d d , H7 . J . = 7-4 Hz, J , = 3.6 Hz); δ 3-11 
/ a Ja,/a / , / a 
( d d , H 3 a , J 3 3 a = 5.4 Hz); δ 3-73 (br s , CH 3 C0 2 -); δ 3-80-4.20 
(m, H7 and a c e t a l p r o t o n s ) ; δ 5.78-6.00 (m, I H ) ; δ 6.02-6.39 
(m, 2H, inc ludes a d a t δ 6 . 1 2 , H ) . m/e: ЗбЗ ( M + - B r ) . 
endo- 8, 8 j 9, 9 -Tetraoyano-5a,4, 7, 7a-tetrahydro-4, 7-ethanoinden-
1-one ethylene асеьаі 22 
A d d i t i o n of TCNE (0.325 g , 2.54 mmol) in acetone (2 ml) t o a 
s t i r r e d s o l u t i o n of 9 (0.440 g, 2.5 mmol) i n e t h e r (2 ml) a t 
room temperature gave a red coloured s o l u t i o n , which turned y e l l o w 
a f t e r a few min. A f t e r s t i r r i n g f o r a day the ï o l v e n i ыаь evapora­
ted to leave a m a t e r i a l , which contained accord ing t o the ь р е с і г ч і 
data 22_ together w i t h some ketone 2Ь_. Compound 22^  was not p u r i f i e d , 
but d i r e c t l y d e a c e t a l i z e d to the corresponding ketone 2¿. m/e: 
304 (M+ ) . 
endo- 8, 8 , 9, 9 -Tetracyano-3a,4, 7, 7a-tcjtrahyaro—.ì, 7-eihanoÌnden-
1-one 23_ 
The mate r ia l obta ined in the preceding exper iment , merely c o n s i s t i n g 
o f 22, was d isso lved in THF (5 ml) and w i t h s t i r r i n g concentrated 
hyd roch lo r i c ac id (0.5 ml) was added. Five min a f t e r the a d d i t i o n 
a s o l i d c r y s t a l l i z e d from the reac t ion m i x t u r e . The mixture was 
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stirred for 2 h, diluted with water (20 ml) and extracted with 
dichloromethane (5 x 25 ml). The combined organic layers were 
dried (MgSO.) and the solvent evaporated to yield 2_3, which was 
crystallized from ethanol (О.^Э g, 69 % based on 3) : mp 
283 0C ( d e c ) . 'H NMR (d^-acetone) : δ 3-07 (dd, H, , J, , 
b /а За,/a /a 6.2 Hz, J 7 7 a = 3.2 Hz); δ ЪЛк-гЛ (m, Н ^ , J 2 > 3 a = 1.9 Hz, 
J = 3.1 Hz); δ і і . І Э - ^ . З б (m, Н^ and ^ , J j ¡t = 0 · 6 H z ) ; 
δ 6.35 (dd, H 2 , J , 3 = 5-7 Hz); δ б . ^ З - б . б г (sym. m, H- and Hg): 
6 7.80 (dd, H ) . IR ( K B r ) : 2245, 1707, 1620, 1589 c m " 1 , m/e: 
260 ( M + ) . A n a l . c a l e , f o r C ^ H ^ N ^ O : С, 6 9 . 2 3 ; H З - Ю ; Ν 21.53; 
found С, 68.90; Η, 3 . 0 7 ; Ν, 21.46 %. 
endo-3,8-Dicyano-'J- (4 '-nitrophenyl}-Ja, 4, 7, 7a-tetváhydrc-4, 7-
ethanoinden-1-one ethylene aaetal + rtí'jioisomer P9n_ 
A mix tu re of d ihydro i ndenone aceta l 9^  (0.220 g, 1.25 mmol), 
1 , 1 - d i c y a n o - 2 - ( V - n i tropheny1)ethene 28c (0.250 g, 1.25 mmol) and 
to luene (7 ml) was heated a t r e f l u x temperature fo r 18 h. 
Removal of the to luene in vacuo gave a semiso l i d m a t e r i a l ; 
a d d i t i o n of ether (5 ml) resu l ted in c r y s t a l l i z a t i o n of the adduct 
29c, which was p u r i f i e d by c r y s t a l l i z a t i o n from carbon t e t r a c h l o -
r i d e - e t h e r (0.305 g , 65 %) : mp 160-220 0 C . Ή NMR ( C D C l J : δ 2.70 
(dd, 0.5 Η, J = 2.7 Hz, J = 7.8 Hz); δ 2.95 (dd, 0.5 H, J = 
2.5 Hz, J = 7-5 H z ) ; δ 3.05-3.75 (m, 1»H) ; δ 3.75-4.10 (sym. m, 
a c e t a l p r o t o n s ) ; δ 5.70-6.80 (m, '•H); δ 7.40-8.40 (m, phenyl 
p r o t o n s ) . IR ( K B r ) : 2250, 2230, 1625, 1605, 1599, 1580 c m " 1 . 
m/e: 375 ( M + ) . 
endo-S-(N-Phenyl)aza-9-oxa-¿a, 4, 7', 7a-tetrahydro-4, 7-ethanoinden-
1-one ethylene acetal + regioiaomer 36_ and endo-8-(ïï-Phenyl)aza-
9-оха-Ъа, 4, 7, 7a-teti,ahydïO-4J 7-ethanoinden-l-one + regioteomer 37_ 
То a st i г red s o l u t i o n of 3_ (0 .440 g, 2.5 mmol ) i η p e t . ether 
(5 ml) was added ni trosobenzene (0.270 g, 2.52 mmol) in p e t . e t h e r 
(5 m l ) . A f t e r ca. 0.5 h the i n i t i a l l y b r i g h t green c o l o u r o f the 
r e a c t i o n m i x t u r e had n e a r l y d isappeared. Evaporat ion o f the 
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s o l v e n t gave the adduct ^ 6 as a ye l low s o l i d , which was p u r i f i e d 
by c r i s t a l 1 i z a t i o n from e t h e r - p e t .ether (0.615 g, 87 %) • mp 100-
110 0 C . lH NMR ( C 6 D 6 ) : & 2.85-3.25 (sym. m, I H ) ; δ 3.25-3-60 (m, 
IH + a c e t a l p r o t o n s ) ; 6 1».05-Ί.25 (m, 0.67 H) ; 6 I». 30-'». 50 (m, 
0.33 H ) ; б Ц.50-4.75 (m, I H ) ; δ 5-35-5.65 (m, 2H); δ 5-75-6.50 
(m, 2Η); δ 6.70-7.25 (m, phenyl p r o t o n s ) . IR ( K B r ) : 1620, 1592, 
1580 cm . m/e: 283 ( M + ) ; accurate mass c a l e , f o r С H NO 
283.1209; found 283.1197-
Compound 3è_ spontaneously hydrolyzes to _37· Deacetal i z a t i on of %_ 
was a lso achieved by a d d i t i o n of 5 drops of concentrated hydro-
c h l o r i c ac id to a s o l u t i o n of 36_ (0.'t25 g , 1.5 mmol) in 20 ml 
of an acetone-water mix ture (9:1) and s t i r r i n g f o r 30 min. 
The work-up procedure as given f o r compound S_ was fo l l owed . Adduct 
¿2 was p u r i f i e d by f l ash chromatography ( F l o r i s i l , 5g; benzene-ether, 
9 : 1 ) ; y i e l d 0.280 g (78 %, based on 9 ) - lH NMR (CDC1 ) : δ 3-07" 
3.25 ( t , I H ) ; δ 3.50-3-80 (m, I H ) ; δ 4.55-5.15 (m, 2H); δ 5.70-
6.50 (m, 3Η); δ 6.80-7-35 (m, phenyl p r o t o n s ) ; δ 7-35-7-65 (m, 
H ) . IR ( K B r ) : 1700, 1б15, 1597, 1580 c m " 1 , m/e: 239 ( M + ) ; a c c u r a ­
t e mass c a l e , f o r С ^ Н ^ М С ^ : 239.0946; found 239-0933. 
5-Bromo-6-oxo-pentaoyclo [ S.4.0.О2' s.O. *' 9 . 0 й ' ] undeaane-10,11-
dioarboxylio acid anhydride 38_ 
I r r a d i a t i o n of a s o l u t i o n o f _1_6 (0.25 g, 0.809 mmol) in a c e t o n i t r i -
le ( f a . 150 ml) f o r 8 h us ing а Hanau h i g h - p r e s s u r e mercury arc 
and a Pyrex f i l t e r gave a f t e r evaporat ion of the s o l v e n t impure 
38, which was p u r i f i e d by f l a s h chromatography ( F l o r i s i l , 5 g ; 
d ich loromethane, 100 m l ) . Y ie ld O.I88 g (75 %): 278.5-280.5 0 C . 
'H NMR ( d 6 - a c e t o n e ) : δ 2.70-4.25 (m); δ 4.65 ( d d , IH, J = 10.5 Hz, 
J = 5-0 Hz). IR ( K B r ) : 1861, 1777 c m " 1 , m/e: 308 (M+) ; accurate 
mass c a l e , f o r C^H ВгО^: 307-9684; found 307-9705. 
Dimethyl Ь-Вгото-6-oxo-pentaayalo [S.4.0.О 2 ' s.03'9.С*'β] undea-
10-ene 10,11-dicarboxylate 41_ 
I r r a d i a t i o n of a s o l u t i o n o f Jjî (0.190 g, 0.538 mmol) in metha-
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nol (ca. 150 ml) a t -78 С f o r 10 h a f f o r d e d a f t e r e v a p o r a t i o n of 
the so lvent and t h i c k - l a y e r chromatography (eluen cyclohexane-ether, 
3:1) 63 mg (33 %) of pure Vl_: mp 81-83.5 0C ( h y d r a t e ) . lH NMR 
(CDC1 ) : δ 2.04-2.23 (m, I H ) ; δ 2.50-2.90 (m, I H ) ; δ 3-00-3.25 (m, 
ЗН); δ 3.78 (s, CH,C0,-); δ 3-85-'».17 (m, 2H) . IR (КВг): 1770, 
-1 + 
1722, 1637 cm . m/e: 273 (M -Br); accurate mass cale, for С Н
п
0 
273.0763; found 27З.О75О. 
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C H A P T E R 4 
SELECTIVE REACTIONS OF FUNCTIONALIZED 
DIHYDROINDENONE ETHYLENE ACETALS 
4.1 INTRODUCTION 
In chapter 2 the synthesis of dihydroindenone deri­
vatives \ from methanol'ndenones through a Cope rearrange­
ment and subsequent decarbonylation was described. 
In the introduction of that chapter the literature 
dealing with the preparation of various dihydroindenones 
has been surveyed. From this survey and from our results 
obtained during the synthesis of dihydroindenone 
derivatives _1 it can be concluded, that they are thermolabile 
and that they easily aromatize to indanones 2 (scheme 4 . 1 ) . 
scheme 4.1 
I ' ' I ' ' 
U n f o r t u n a t e l y , t h i s a r o m a t i z a t i o n i s o f t e n e n c o u n t e r e d d u r i n g 
t h e i r p r e p a r a t i o n , b u t by the i n t r o d u c t i o n o f new 
s y n t h e t i c p r o c e d u r e s , in p a r t i c u l a r , f l a s h vacuum 
t h e r m o l y s i s , t h i s problem c o u l d be c o n s i d e r a b l y r e d u c e d . 
In a d d i t i o n t o t h e i r t h e r m o l a b i 1 i t y most d i h y d r o -
indenones are s u s c e p t i b l e t o both ac ids and bases. 
Treatment w i t h these reagents leads t o i s o m e r i z a t i o n 
and/or a r o m a t i z a t i o n . An i l l u s t r a t i v e example was found 
d u r i n g the r e a r r a n g e m e n t of compound За^  t o the indanone 
J5 1 " 3 (scheme 4 . 2 ) . Treatment of _3i w i t h HBr i n a c e t i c 
a c i d f o r 30 min a t 100 0C or w i t h methox ide i n h o t e t h a n o l 
- 1 1 1 -
for 30 min gives the rearranged di hydroi ndenone 4^ . Prolonged 
heating of compound ^a with methoxide or HCl in ethanol 
leads to conversion into the aromatic isomer 5. 
924. 
These r e s u l t s i n d i c a t e , t h a t the e n o l a t e 3b_, which 
can be formed from both j3a and 4 , i s i n v o l v e d and 
a l l o w s the r e a r r a n g e m e n t t o proceed by a 1,5-supra 
f a c i a l s i g m a t r o p i c s h i f t o f the phenyl g r o u p . A d m i t t e d l y , 
a s i m p l e Wagner-Meerweiη r e a r r a n g e m e n t t h r o u g h a 1,2-
phenyl s h i f t cannot be c o m p l e t e l y e x c l u d e d . 
A s i m i l a r phenyl s h i f t i s observed i n the r e a c t i o n 
o f e t s - 3 a - p h e n y l d i h y d r o i n d e n o n e w i t h pTsOH; however, 
an i n t e r m e d i a t e o f the type 4 was n o t i s o l a t e d 1 * . 
I f the 3a- and 7 a - p o s i t i o n s i n d i h y d r o i n d e n o n e s are 
o c c u p i e d by methoxycarbonyl s u b s t i t u e n t s , t r e a t m e n t w i t h 
a l k o K i d e s a l s o g ives a r o m a t i c compounds, a l t h o u g h ига a d i f f i 
r e n t mechanism5 (scheme 4 . 3 ) . The r e a r r a n g e d d i h y d r o i n d e -
none 9 c o u l d not be i s o l a t e d . C l e a r l y , the absence o f the 
7a-hydrogen atom and the a n i o n - s t a b i 1 i z i n g e f f e c t of the 
C(7a) m e t h o x y c a r b o n y l group are r e s p o n s i b l e f o r the o c c u r ­
rence of a subsequent a r o m a t i z a t i o n by a 1 , 5 - s h i f t . 
- 1 1 2 -
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R e a c t i o n s o f d i h y d r o i n d e n o n e s w i t h F e ( C 0 ) r 6 a n d 
g r o u p V I m e t a l c a r b o n y l s 7 h a v e a l s o b e e n s t u d i e d . H o w e v e r , 
these r e a c t i o n s a f f o r d o n l y t h e i r a r o m a t i c isomers w i t h o u t 
any s i g n o f an organometal 1 i с complex b e i n g f o r m e d . Mecha­
n i s t i c s t u d i e s u s i n g a d e u t e r i um-1 abel 1 ed s t a r t i n g 
m a t e r i a l i n d i c a t e a rearrangement mode i n v o l v i n g two 
s u c c e s s i v e 1,3-hydrogen s h i f t s as o u t l i n e d i n scheme 4 . 4 . 
This b e h a v i o u r of d i h y d r o i n d e n o n e s on t r e a t m e n t w i t h 
metal c a r b o n y l s s t r o n g l y c o n t r a s t s w i t h t h e i r deoxo 
c o u n t e r p a r t s . In p a r t i c u l a r , when t r e a t e d w i t h i r o n 
c a r b o n y l s , d i h y d r o i n d e n e s are known t o g i v e organometal 1 i с 
complexes, which can be i s o l a t e d 8 » 9 . 
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Some p h o t o c h e m i c a l r e a c t i o n s o f d i h y d r o i n d e n o n e 
d e r i v a t i v e s have a l s o been r e p o r t e d . I r r a d i a t i o n o f a 
m e t h a n o l i c s o l u t i o n o f the p a r e n t compound 2£ w i t h l o n g -
w a v e l e n g t h u.v. l i g h t g ives methyl c y c l o h e p t a t r i e n y 1 -
a c e t a t e 22, presumably via the i n t e r m e d i a t e s 2J. and 22 
(scheme 4 . 5 ) . When the t e t r a p h e n y l di h y d r o i ndenone За^ i s 
i r r a d i a t e d i n a c e t o n i t r i l e p r e d o m i n a n t l y r e a r r a n g e d 
( b u t not a r o m a t i z e d ) p r o d u c t s are f o u n d 3 » 1 1 (scheme 4 . 6 ) . 
I t i s u n c l e a r , whether t h i s marked d i f f e r e n c e i n p r o d u c t 
f o r m a t i o n i s caused by the s u b s t i t u t i o n p a t t e r n o f the 
s u b s t r a t e s or by o t h e r f a c t o r s , n o t a b l y the s o l v e n t s and 
the wavelengths employed i n these r e a c t i o n s . 
Replacement o f the c a r b o n y l f u n c t i o n by a CH ? -group 
has a s t r o n g i n f l u e n c e on the course of the photochemical 
r e a c t i o n . S h o r t wavelength i r r a d i a t i o n o f сзгз-3а,7а-
- 1 1 4 -
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d i h y d r o i n d e n e g i v e s a m i x t u r e of s e v e r a l compounds, 
p r e d o m i n a n t l y c o n s i s t i n g of trans-3a , 7 a - d i h y d r o i n d e n e , 
cis-and t r a n s - b i c y c l o ! 6 , 1 , 0 ] n o n a - Z , 4 , 6 - t r i ene and t r i c y c l o 
[ 4 , 3 , 0 , 0 2 ' 5 ] п о п а - 3 , 7 - г і і е п е 1 2 , 1 э . 
s cheme 4.6 
2І 52 9% 25 5 37. 
26 61 ·/. 
F i n a l l y , a m e t h y l a t i o n r e a c t i o n of d i h y d r o i n d e n o n e s 
has been r e p o r t e d 5 ' 1 1 * (scheme 4 . 7 ) . 
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Very l i t t l e i s known about the chemical p r o p e r t i e s 
o f d i h y d r o i n d e n o n e a c e t á i s . So f a r on l y two D i e l s - A l d e r 
r e a c t i o n s o f these c y c l i c con juga ted diene systems have 
been desc r i bed i n the l i t e r a t u r e ( s . s e c t i o n 3 . 1 ) . As po in ted 
out i n the i n t r o d u c t i o n of t h i s t h e s i s i t i s our aim to 
s y n t h e t i c a l l y e x p l o r e the d ihydro indenone a c e t á i s in a 
b roader c o n t e x t and a l s o t o s tudy the D i e l s - A l d e r 
r e a c t i v i t y o f these compounds. An a t t r a c t i v e s u b s t r a t e f o r 
s e l e c t i v e r e a c t i o n s i s the aldehyde _30> t h a t con ta ins th ree 
o l e f i n i c bonds i n a d d i t i o n to i t s ke to f u n c t i o n . In gene-
r a l , the r e a c t i v i t y o f double bonds i s h i g h l y i n f l u e n c e d by 
e l e c t r o n - d o n a t i n g or w i t h d r a w i n g s u b s t i t u e n t s a t t a c h e d . Pre-
sumably, the double bonds of the a ldehyde 30 posess d i f f e -
r e n t e l e c t r o n d e n s i t i e s and c o n s e q u e n t l y , e n a b l i n g s e l e c t i v e 
t r a n s f o r m a t i o n r e a c t i o n s . However, due to the l a b i l i t y o f 
d ihyd ro indenone systems towards ac ids and bases i n p rac -
t i c e , the number o f s e l e c t i v e r e a c t i o n s might be l i m i t e d . 
E p o x i d a t i o n belongs to the ca tegory o f r e a c t i o n s , 
t h a t can be c a r r i e d out s e l e c t i v e l y under m i l d c o n d i t i o n s 
by a proper cho ice o f the e p o x i d i z i n g agen t . In a d d i t i o n , 
epoxides form a c lass o f v e r s a t i l e compounds e n a b l i n g 
i n p r i n c i p l e f u r t h e r t r a n s f o r m a t i o n r e a c t i o n s . For t h i s 
r eason , we dec ided to focus our a t t e n t i o n f i r s t to t h i s 
type o f r e a c t i o n . P a r t i c u l a r l y , e p o x i d a t i o n of the 
C(6 ) -C(7 ) and C ( 4 ) - C ( 5 ) double bonds was s t u d i e d (scheme 
4 . 8 ) . Convers ion of the r e l a t i v e l y e l e c t r o n - r i eh (C6) -C(7) 
o l e f i n i c bond was expected to proceed w e l l w i t h p e r a c i d s . 
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S e l e c t i v e e p o x i d a t i o n o f a con juga ted polyene system has 
been r e p o r t e d p r e v i o u s l y ; v i t a m i n A a l coho l j[3 has been 
epox id i zed e x c l u s i v e l y a t the e l e c t r o n - r i c h and s t e r i c a l l y 
l e a s t h inde red 1 1 , 1 2 - p o s i t i on by means of p e r a c e t i c a c i d 1 5 
(scheme 4 . 9 ) . Dur ing t h i s r e a c t i o n the a l c o h o l f u n c t i o n i s 
o x i d i z e d to an a ldehyde group; no c a r b o x y l i c a c i d was 
i s o l a t e d . 
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In a d d i t i o n t o p e r a c i d s o t h e r e l e c t r o p h i 1 i с oxygen 
t r a n s f e r a g e n t s , n o t a b l y t r a n s i t i o n - m e t a l peroxo compounds, 
have been used i n s e l e c t i v e o x i d a t i o n processes 1 s > ' 7 . 
In p a r t i c u l a r , peroxo molybdenum complexes c o n t a i n i n g 
o r g a n i c l i g a n d s such as N 0 0 ( 0 2 ) 2 - HMPTA18 have been 
s t u d i e d i n e p o x i d a t i o n r e a c t i o n s and open good p r o s p e c t s 
f o r the c o n v e r s i o n o f ^ 0 i n t o epoxyaldehyde 3 1 . 
They e x h i b i t some a t t r a c t i v e f e a t u r e s : t h e i r p r e p a r a t i o n 
i s s t r a i g h t f o r w a r d 1 9 3 ' 1 9 , they are r e l a t i v e l y s t a b l e 1 9 , 
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the e p o x i d a t i o n proceeds w i t h h igh s t e r e o s e l e c t i v i t y 2 0 
and w i t h o p t i c a l l y a c t i v e molybdenum complexes asymmetric 
e p o x i d a t i o n can be a c c o m p l i s h e d 2 1 . 
The mode of a c t i o n o f these complexes has been s t u d i e d 
i n d e t a i 1 ' Ь ' 2 2 " 2 " . So f a r two mechanisms have been 
p r o p o s e d . The f i r s t one, proposed by Mimoun and co­
workers 1 ' ^ " b j i n v o l v e s the r e v e r s i b l e f o r m a t i o n of a 
m e t a l - o l e f i n complex i n the f i r s t , r a t e d e t e r m i n i n g , s t e p 
d i s p l a c i n g the l i g a n d f o l l o w e d by i r r e v e r s i b l e oxygen 
t r a n s f e r t o the o l e f i n (scheme 4 . 1 0 ) . The i n t e r a c t i o n 
between metal and o l e f i n i n s t r u c t u r e Ъ]_ i s of a Lewis 
a c i d / L e w i s base t y p e , as N00(02)2 a c t s as a Lewis a c i d 
and molybdenum ( V I ) has no d - e l e c t r o n s a v a i l a b l e f o r 
back b o n d i n g . 
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This mechanism and a s i m i l a r o n e , proposed f o r the 
molybdenum and vanadium c a t a l y z e d e p o x i d a t i o n u s i n g 
h y d r o p e r o x i d e s 1 7 , are analogous to the π-σ-rearrangement 
( е г о - i n s e r t i o n ) observed i n t r a n s i t i o n - m e t a l c a t a l y z e d 
t r a n s f o r m a t i o n r e a c t i o n s of o l e f i n s 2 5 . There is a l s o some 
resemblance w i t h the mechanism suggested by K w a r t 2 6 f o r 
the e p o x i d a t i o n of o l e f i n s by means o f p e r a c i d s . 
- 1 1 8 -
A second mechanism f o r the e p o x i d a t i o n of a lkenes w i t h 
molybdenum peroxo complexes has been proposed by 
A k h r e m 2 3 ' 3 . In t h i s mechanism the metal atom i t s e l f is 
n o t d i r e c t l y i n v o l v e d i n the f o r m a t i o n of the p e r o x i d e -
o l e f i n complex, b u t b i n d i n g is a c h i e v e d via i n t e r a c t i o n 
of the π - e l e c t r o n s of the double bond w i t h an oxygen 
atom of the peroxo moiety o f the molybdenum compound 
(scheme 4 . 1 1 ) . 
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The arguments i n f a v o u r of both t h e o r i e s , however, are 
not d e c i s i v e ; up to now k i n e t i c measurements performed 
by the v a r i o u s r e s e a r c h - g r o u p s do not p r e c l u d e unambiguous­
l y e i t h e r mechan i sm. 
S e l e c t i v e e p o x i d a t i o n of the C ( 4 ) - C ( 5 ) double bond i n 
the aldehyde ^Ю can be performed w i t h a l k a l i n e hydrogen 
p e r o x i d e , which a t t a c k s e l e c t r o n - p o o r double bonds by a 
M i c h a e l - t y p e m e c h a n i s m 2 7 ' 2 6 . 
W i t h i n the c o n t e x t o f our s tudy of s e l e c t i v e 
t r a n s f o r m a t i o n r e a c t i o n s of the a ldehyde 30 a t t e n t i o n 
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was a l s o g iven to s e l e c t i v e v i c i n a l h y d r o x y ! a t i o n 
r e a c t i o n s o f compound ДО. H y d r o x y ! a t i o n of o l e f i n s , 
n o t a b l y w i t h OsO«, shows some resemblance w i t h the e l e c t r o -
p h i l i c e p o x i d a t i o n 2 9 3 > 3 0 > 3 1 . This r e a g e n t p r e f e r e n t i a l l y 
a t t a c k s e l e c t r o n - r i c h double b o n d s 3 2 " 3 " from the s t e r i c a l -
l y l e a s t h i n d e r e d s i d e 3 0 · 3 3 » 3 1 * . A l t h o u g h i t has been 
r e p o r t e d , t h a t OsO» i s capable o f o x i d i z i n g aldehydes t o 
c a r b o x y l i c a c i d s 3 5 , c o n d i t i o n s can be chosen such t h a t 
an aldehyde f u n c t i o n p r e s e n t i n a n o t h e r p a r t o f the 
m o l e c u l e can be r e t a i n e d 3 4 . S t o i c h i o m e t r i c use of 
osmium t e t r o x i d e i s n o t d e s i r a b l e because o f i t s h i g h 
c o s t s and t o x i c i t y . T h e r e f o r e , al t e r n a t i ve procedures 
have been d e v e l o p e d , wherein OsO. i s employed c a t a l y t i c a l -
l y t o g e t h e r w i t h a s t o i c h i o m e t r i c q u a n t i t y of some cheap 
o x i d a n t t o r e g e n e r a t e the OsO. consumed. Yet these methods 
s u f f e r f rom the d i s a d v a n t a g e of c a u s i n g o c c a s i o n a l l y 
f u r t h e r o x i d a t i o n r e s u l t i n g i n lower y i e l d s and f o r m a t i o n 
o f b y - p r o d u c t s . 
R e c e n t l y , two improved c a t a l y t i c o s m y l a t i o n procedures 
have been r e p o r t e d , which combine the h i g h y i e l d o f the 
s t o i c h i o m e t r i c r e a c t i o n w i t h the avoidance of o v e r - o x i d a t i o n . 
These processes employ e i t h e r t e r t i a r y amine o x i d e s 3 6 " 3 9 
or t- buy] h y d r o p e r o x i de1"0 as osmium t e t r o x i d e r e g e n e r a t i n g 
a g e n t . 
These methods, as w e l l as t r e a t m e n t of the a ldehyde 30^ 
w i t h KMnO. i n a non-aqueous two phase s y s t e m 1 ' 1 , seem 
p r o m i s i n g to o b t a i n (a) h y d r o x y l a t e d p r o d u c t ( s ) from 
compound 30_. Regarding the chemical p r o p e r t i e s of OsO. (a) 
p r o d u c t ( s ) o f s t r u c t u r e 44 (was) were expected (scheme 4 . 1 2 ) . 
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In p r i n c i p l e , the aldehyde f u n c t i o n p r e s e n t i n 
d i h y d r o i n d e n o n e ^30, can serve as an a p p r o p r i a t e handle 
f o r the p r e p a r a t i o n of more extended c o n j u g a t e d o l e f i n i c 
systems via a W i t t i g - t y p e r e a c t i o n . As ment ioned i n 
c h a p t e r 1 the compounds 45 thus o b t a i n e d are a t t r a c t i v e 
s u b s t r a t e s f o r s t u d y i n g s e l e c t i v e [ 4 + 2 ] c y c l o a d d i t i o n 
r e a c t i o n s . Two pathways can be e n v i s a g e d , viz. one 
i n v o l v i n g the d iene system C ( 4 ) - C ( 7 ) and the o t h e r u s i n g 
the v i n y l i c s u b s t i t u e n t and the C ( 4 ) - C ( 5 ) double bond 
(scheme 4.13).The c y c l o a d d i t i o n r e a c t i o n a c c o r d i n g t o 
r o u t e 1 leads to compounds 4 6 , which are i n t e r m e d i a t e s 
i n the s y n t h e s i s of s t r a i n e d p o l y c y c l i c cage systems 
(see s e c t i o n 3 . 1 ) . A l t e r n a t i v e l y , a D i e l s - A l d e r r e a c t i o n 
i n v o l v i n g the v i n y l i c s u b s t i t u e n t ( r o u t e 2) r e s u l t s i n 
p o l y c y c l i c s t r u c t u r e s 4_7; t h i s process can be f o r m u l a t e d 
as an a n g u l a r a n n e l a t i o n r e a c t i o n . I n t e r e s t i n g l y , when 
Y = Ζ is a sixmembered c y c l i c d i e n o p h i l e the p r o d u c t 
w i l l be a p e r h y d r o p h e n a n t r e n e s k e l e t o n h a v i n g (?-¿s-fused 
Α-B and C-D r i n g s . The s t e r e o c h e m i s t r y of these p o l y c y c l i c 
s t r u c t u r e s i s d e v i a t i n g from " n o r m a l " s t e r o i d s ; n e v e r t h e ­
l e s s , a l i m i t e d number o f "anomalous" s t e r o i d s i s known, 
n o t a b l y c a r d e n o l i d e s such as d i g i t o x i gen in , b u f a d i e n o l i des 
and some h i g h l y h y d r o x y l a t e d pregname d e r i v a t i v e s , t h a t 
possess o t s - f u s e d C-D r i n g s 1 * 2 ' " 3 . 
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Cons iderab le a t t e n t i o n has been g iven to [4+2] 
c y c l i z a t i o n s o f v i n y l c y c l o a l k e n e s w i t h d i e n o p h i l e s , 
because t h i s type of r e a c t i o n o f f e r s the s h o r t e s t method 
f o r p r e p a r i n g complex p o l y c y c l i c m o l e c u l e s " " . However, 
D i e l s - A l d e r r e a c t i o n s o f con juga ted a l k e n y l c y c l o a l k a -
dienes are not f r e q u e n t l y encoun te red . Two repo r t s were 
p u b l i s h e d about the r e a c t i o n o f 1 -a l keny l and 2 - a l k e n y l 
s u b s t i t u t e d c y c l o p e n t a d i e n e s , r e s p e c t i v e l y " 5 » " 6 . 1 -A lkeny l 
cyc lopen tad iene g ives an adduct i n v o l v i n g the a l k e n y l sub-
s t i t u e n t as p a r t o f the diene m o i e t y , w h i l e 2 - a l k e n y l 
cyc l open tad iene y i e l d s adducts r e s u l t i n g from a r e a c t i o n 
o f both e n d o c y c l i c double bonds. Scarce data are a v a i l a b l e 
on the D i e l s - A l d e r r e a c t i o n s o f a l k e n y l cyc lohexad ienes . 
In 1 - v i n y I n a p h t a l e n e s the v i n y l s u b s t i t u e n t i n v a r i a b l y 
i s i n v o l v e d in [4+21 c y c l i z a t i o n s " 7 " " 9 . In c o n t r a s t , the 
polyene 4j3 g ives an e n d o c y c l i c adduct w i t h oxygen0 0 
(scheme 4.14). 
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From these o b s e r v a t i o n s a f i r m c o n c l u s i o n about the expec-
ted p r o d u c t ( s ) i n a D i e l s - A l d e r r e a c t i o n i n v o l v i n g the 
d ihydro indenone 4Jj cannot be drawn. 
The s te reochemica l course of the c y c l i z a t i o n 
r e a c t i o n f o l l o w i n g path 1 has been d iscussed in chap te r 3. 
When the r e a c t i o n o f compound 45 w i t h a c y c l i c symmet r i ca l 
d i e n o p h i l e , e.g. benzoquinone, takes p lace acco rd ing to rou -
ce 2 , the approach o f t h e d i e n o p h i l e can proceed i n f o u r 
d i f f e r e n t ways, each g i v i n g a s i n g l e adduct ( f i g u r e 4 . 1 ) . 
f i gure 4 .1 
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Approach o f benzoquinone from the convex ( u p p e r ) s i d e 
o f the d i h y d r o i n d e n o n e d e r i v a t i v e leads t o t r a n s i t i o n 
s t a t e s 50a and 50b, r e s p e c t ! v e l y o f which 50_a 31 ves the erdo-
adduct and 50b the e x o - i s o m e r 
From our o b s e r v a t i o n s w i t h r e g a r d to the e p o x i d a t i o n of the 
a ldehyde 20^ w i t h e l e c t r o p h i 1 ic e p o x i d i z i n g agents 
[jrde vnfra) and from l i t e r a t u r e r e p o r t s about r e a c t i o n s 
of огі-Ьл c y c l o [ 4 . 3 . 0 ] o c t a n e b ' and е г з - Ь і c y c l o [ 4 3.0]nonane 
sys t e r n s 5 2 " 5 ' * , approach from the concave s i d e of d i h y d r o -
indenone systems does n o t seem l i k e l y ; c o n s e q u e n t l y , 
t r a n s i t i o n s t a t e s 50c and 50d may be l e f t out o f c o n s i d e ­
r a t i o n . In a d d i t i o n , D i e l s - A l d e r r e a c t i o n s u s u a l l y obey 
the A l d e r r u l e , г.е. the diene and d i e n o p h i l e arrange 
themselves i n p a r a l l e l planes t o p r o v i d e a t r a n s i t i o n s t a t e 
АЛ th a maximum a c c u m u l a t i o n o f double bonds. T h e r e f o r e , 
when path 2 i n scheme 4.13 i s f o l l o w e d an adduct a r i s i n g 
f r o m t r a n s i t i o n s t a t e 50a i s e x p e c t e d . 
Compounds 4_5, t h a t are r e q u i r e d f o r the s tudy 
o f the s e l e c t i v e D i e l s - A l d e r r e a c t i o n s , can be o b t a i n e d 
f rom the a ldehyde J30 by means of a W i t t i g r e a c t i o n . This 
t y p e o f o l e f i n a t i o n r e a c t i o n possesses some a t t r a c t i v e 
f e a t u r e s : i t i s very g e n e r a l and v e r s a t i l e , h o m o l o g a t i o n 
and the r i g h t f u n c t i o n a l ι z a t i o n are a c h i e v e d i n a s i n o l e 
s t e p , u s u a l l y m i l d c o n d i t i o n s are employed and g e n e r a l l y 
c o n j u g a t e d double bonds p r e s e n t do n o t i n t e r f e r e 2 9 " ' ь 5 > 5 6 . 
A p o s s i b l e drawback o f t h i s method is the use o f 
s t r o n g b a s e s , needed f o r the f o r m a t i o n o f the y l i d . In the 
l i t e r a t u r e some o t h e r methods f o r p r e p a r i n g phosphoranes 
nave been d e s c r i b e d 5 7 » 5 8 but these a l t o g e t h e r do n o t show 
promise f o r o l e f i n s 45 (R = H , OCH-J) c o n s i d e r e d h e r e . 
In t h e c o n t e x t of our s tudy on the chemical p r o p e r ­
t i e s o f d i h y d r o i n d e n o n e a c e t a l s , e s p e c i a l l y s e l e c t i v e t r a n s ­
f o r m a t i o n r e a c t i o n s , the dibromo compound _51 was t r e a t e d 
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with nBuLi. It was hoped, that a selective metal-halogen 
exchange reaction (see section 2.2) could be accomplished 
(scheme 4. 1 b ) . 
scheme 4.15 
Depending on the r e a c t i v i t y o f the bromine atoms subsequent 
r e a c t i o n w i t h an e l e c t r o p h i l e would l e a d t o e i t h e r C ( 2 ) - or 
C ( 4 ) - f u n c t i o n a l i z e d d i h y d r o i n d e n o n e s . I t s h o u l d be n o t e d t h a t 
С ( 4 ) - f u n c t i o n a l ι zed d i h y d r o i n d e n o n e s can a l s o be o b t a i n e d 
by m e t a l l a t i o n and subsequent r e a c t i o n w i t h an e l e c t r o p h i l e 
i n an e a r l i e r s tage (see c h a p t e r 2 ) . T h e r e f o r e , a r e a c t i o n 
path l e a d i n g t o compounds 52_ would be most welcome. 
4 . 2 SELECZIVE FPOXIDATIOP.' AI\D hYDROXYLATIO'i ОГ 
DIHYDROItlDthOiiE ALDEHYD' 3C 
S e l e c t i v e e p o x i d a t i o n o f the C ( 6 ) - C ( 7 ) double 
bond o f the a ldehyde _3£ (scheme 4 .8 ) was expected t o 
proceed w i t h e l e c t r o p h i 1 1 с o x y g e n - d o n a t i n g agents^ 
For reasons o u t l i n e d i n the p r e c e d i n g s e c t i o n p e r a c e t i c 
a c i d o f f e r s good p r o s p e c t s f o r a c h i e v i n g t h i s g o a l . 
Since c o m m e r c i a l l y a v a i l a b l e p e r a c e t i c a c i d c o n t a i n s 
ca. 60 % a c e t i c a c i d and in addi t i on of ten some s u l f u r i c 
a c i d 5 5 , e p o x i d a t i o n r e a c t i o n s w i t h t h i s r e a g e n t were 
c a r r i e d o u t i n b u f f e r e d systems to a v o i d a r o m a t i z a t i o n 
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of the aldehyde _ 3 0 2 9 b ' b 0 · 
Treatment of ¿0 at room temperature with 1.1 equivalent 
peracetic acid in dichloromethane saturated with anhydrous 
sodium acetate led to recovery of the starting 
material. Almost the same result was obtained with 
heating under reflux for three hours; however, in the 
NMR spectrum a small aldehyde absorption was observed at 
6 9.39 possibly indicating the presence of a minor 
amount of epoxide 21 (the CHO absorption of JK) is found 
at 6 9.46). Prolonged heating and/or excess peracetic 
acid mainly caused decomposition. 
Then,it was tried to accomplish the epoxidation in a 
buffered two phase system. However, even under optimized 
conditions (CH 2C1 2, 0.5 M NaHCOj, 45 h, 20 0 C , starting 
with 2 equivalents of СН^ССЦН and adding each 15 h. 
another 2 equivalents) a conversion of 30 into the 
desired epoxide 3_1 of only 40 % (determined by NMR) was acnie-
ved. Furthermore, the results were not very reproducible. 
Hence, peracetic acid clearly is not the reagent of 
choi ce. 
N e x t , the e p o x i d a t i o n of _30 was a t t e m p t e d w i t h 
77i-chloroperbenzoi с a c i d (mCPBA). When 30 was t r e a t e d 
w i t h mCPBA i n u n b u f f e r e d CH2C12 f o r 1.5 h. at 20 0C 
a m i x t u r e of t h r e e compounds was i s o l a t e d c o n s i s t i n g 
o f the s t a r t i n g s u b s t r a t e (5(CH0) = 9 . 4 6 ) , the d e s i r e d 
epox ide _31 (6(CH0) = 9.39 and a t h i r d compound, hav ino 
s i n g l e t at δ 8 . 1 0 . 
The l a s t named compound became the major p r o d u c t , 
t o g e t h e r w i t h some a r o m a t i z e d m a t e r i a l , when the r e a c t i o n 
was c a r r i e d o u t i n CH 2 C1 2 b u f f e r e d w i t h s o l i d N a 2 H P 0 4 6 1 ' 6 2 . 
A l t h o u g h n o t f u l l y c h a r a c t e r i z e d i t s s p e c t r a l data s u g g e s t , 
t h a t a Baeyer-V i11 i g e r o x i d a t i v e r e a r r a n g e m e n t has taken 
p l a c e t o g i v e 5_4 (scheme 4 . 1 6 ) . This t y p e o f rearrangement i s 
w e l l k n o w n 2 9 C , a l t h o u g h n o r m a l l y , f o r m a t e e s t e r s are o n l y foun 
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scheme 4.16 
CH2Cl2,20*C,ieh 
when the m i g r a t i n g group i s an a r o m a t i c s u b s t i t u e n t 6 э ' ^ . 
A n a l o g o u s l y t o the p e r a c e t i c a c i d e x p e r i m e n t i t was then 
t r i e d to ach i eve the c o n v e r s i o n of 30^ i n t o 31 i n a two 
phase system. R e a c t i o n o f 30^ w i t h 1.1 e q u i v a l e n t глСРВЛ 
a t 20 0C i n a СН^СІ 2 -aqueous b i c a r b o n a t e s y s t e m 6 5 gave, 
a f t e r 24 h . , a r e a c t i o n m i x t u r e c o n t a i n i n g no s t a r t i n g 
m a t e r i a l anymore. A f t e r work-up and l a b o r i o u s column 
( F l o r i s i l ) and t h i c k - l a y e r chromatography a w h i t e s o l i d 
m a t e r i a l was o b t a i n e d . The NMR s p e c t r u m r e v e a l e d an 
a ldehyde p r o t o n a b s o r p t i o n at & 9 . 3 9 ; the v i n y l i c r e g i o n 
showed a one p r o t o n s i g n a l as a d o u b l e t o f d o u b l e t s a t 
б 7.10 and a one p r o t o n d o u b l e t a t 6 6 . 5 0 - These data are 
i n d i c a t i v e of e p o x i d a t i o n of the C ( 6 ) - C ( 7 ) o l e f i n i c 
b o n d . F u r t h e r e v i d e n c e s u p p o r t i n g t h i s assumpt ion was 
o b t a i n e d from IR and MS s p e c t r a . However, the s t e r e o ­
c h e m i s t r y of the epoxyal dehyde 3_1 c o u l d n o t be e s t a b l i s h e d 
unambiguously f rom the s p e c t r a l d a t a . T h e r e f o r e an 
X-ray d i f f r a c t i o n a n a l y s i s was p e r f o r m e d . The c r y s t a l 
s t r u c t u r e d e d u c e d 6 6 c l e a r l y shows, t h a t indeed the r e l a ­
t i v e l y e l e c t r o n - r i c h C ( 6 ) - C ( 7 ) double bond i s p r e f e r e n t i a l ­
l y e p o x i d i z e d by the p e r a c i d a t t a c k i n g f rom the s t e r i c a l l y 
l e a s t h i n d e r e d s i d e . U n f o r t u n a t e l y , the y i e l d of 31a 
i s o n l y 13 %. This i s p a r t i a l l y due t o the f o r m a t i o n of 
b y - p r o d u c t s d u r i n g the r e a c t i o n and p a r t i a l l y t o decompo­
s i t i o n of the epoxyaldehyde 31a d u r i n g c h r o m a t o g r a p h y . 
-127-
figure 4.2 
For this reason we decided to try MoO(Op)p-HMPTA as 
an epoxidizing agent. No reaction was observed on treatment 
of ^0 with the peroxomolybdenum complex in C H ^ C K at 
room temperature. Heating at reflux for 5 h. in the 
same solvent resulted in a conversion of 30 into 31a of 
aa. 80 % (NMR). The use of benzene (the solvent used by 
T o l s t i k o v 2 0 ) gave, in addition to epoxidation, a Baeyer-
Villiger rearrangement to produce E[4. The best results 
were obtained with chloroform as the solvent at reflux 
temperature: within 4.5 h. the starting aldehyde 
30 was consumed. The epoxyaldehyde thus-obtained (isolated 
yield 79 %) was identical in every respect to the material 
isolated from the reaction of 3Ό with mCPBA (scheme 4 . 1 7 ) . 
Because of the better yield and the easier work-up and 
purification procedure (the reduced molybdenum complex 
is insoluble in chloroform and can simply be filtered 
off) the method using M o 0 ( 0 2 ) 2 . H M P T A is preferred. A slight 
disadvantage is the thermal lability of the molybdenum 
complex at elevated temperatures. Due to gradual decom­
position a large excess (1.6 equivalent = 3.2 equivalents 
active oxygen) had to be employed. 
It was also attempted to synthesize the stereoiso-
meric epoxyaldehyde 31b by means of benzonitrile and 
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scheme 4.17 
H 2 0 ? 2 9 t l ^ 6 7 . These reagents combine to a p e r o x y i m i d i c 
a c i d i n t e r m e d i a t e which sometimes e p o x i d i z e s o l e f i n i c 
bonds f rom the s t e r i c a l l y most s h i e l d e d s i d e 6 8 . I t s 
r e a c t i v i t y i s comparable to p e r a c e t i c a c i d 6 9 , h o w e v e r , 
the r e a c t i o n c o n d i t i o n s are e n t i r e l y d i f f e r e n t : peroxy-
b e n z i m i d i c a c i d i s a p p l i e d in m i l d l y bas i c media. Un fo r -
t u n a t e l y t h i s r e a c t i o n f a i l e d ; the s t a r t i n g m a t e r i a l was 
recovered q u a n t i t a t i v e l y (scheme 4 . 1 7 ) . 
S e l e c t i v e e p o x i d a t i o n of the e l e c t r o n - d e f i c i e n t 
C (4 ) -C(5 ) double bond was t r i e d w i t h a l k a l i n e hydrogen 
pe rox ide in me thano l 2 6 or d i oxane 2 7 a t room tempera tu re . 
However, a f t e r work-up the NMR spect rum o f the r e a c t i o n 
m i x t u r e showed no l onge r abso rp t i ons in the o l e f i n i c 
r e g i o n . No p roduc t cou ld be i s o l a t e d nor i d e n t i f i e d . 
-129-
S e l e c t i v e v i c i n a l h y d r o x y l a t i o n o f t h e a l d e h y d e 
30 was a t t e m p t e d u s i n g t h e O s O ^ - N - m e t h y 1 m o r p h o l i n e 
N - o x i d e (NMO) m e t h o d . T r e a t m e n t o f ЭД. a c c o r d i n g t o t h e 
p r o c e d u r e r e c o m m e n d e d by Van Rheenen et α ϊ . 3 6 ( s o l v e n t : 
w a t e r - a c e t o n e - ¿BuOH, 25 : 10 : 4) gave no r e a c t i o n . 
U s i n g t B u O H - T H F - w a t e r , 10 : 3 : 1 as r e a c t i o n medium 
gave a m i x t u r e o f a b o u t e q u a l amounts o f s t a r t i n g m a t e r i a l 
30 and a new c o m p o u n d . C o n s i d e r a b l e d i f f i c u l t i e s w e r e 
e n c o u n t e r e d d u r i n g t h e s e p a r a t i o n o f t h e unknown com-
pound f r o m t h e s t a r t i n g a l d e h y d e . P r o l o n g a t i o n o f t h e 
r e a c t i o n t i m e gave no i m p r o v e m e n t , n e i t h e r d i d d o u b l i n g 
o f t h e amount o f NMO. H o w e v e r , a t e n f o l d i n c r e a s e o f 
t h e amount o f OsO . - s o l u t i o n gave a r e a c t i o n m i x t u r e 
c o n t a i n i n g no s t a r t i n g m a t e r i a l any l o n g e r . The NMR s p e c -
t r u m o f t h e new p r o d u c t e x h i b i t e d a s i n g l e t a t δ 9 . 5 1 
( C H O ) , a one p r o t o n m u l t i p l e t a t δ 6 . 7 1 , a one p r o t o n 
d o u b l e t a t 6 6 . 3 1 ( J = 2 . 6 H z ) , v a r i o u s a b s o r p t i o n s i n 
t h e r e g i o n δ 4 . 7 - 3 . 0 and a b r o a d a b s o r p t i o n a t δ 1 . 6 0 , 
t h a t d i s a p p e a r e d on q u e n c h i n g w i t h DgO. T h e s e d a t a 
s t r o n g l y s u g g e s t , t h a t t h e new m a t e r i a l has s t r u c t u r e 44· 
( s c h e m e 4 . 1 8 ) . 
scheme 4 . 1 8 
NMO, 0 S 0 4 J 2 0 O C 
tBuOHJHF, H2O 
( 607.) 
The assigned structure 44 was confirmed by IR, UV, MS and 
elemental analysis. The stereochemistry of the hydroxy 
functions at C(6) and C(7) cannot be deduced from the 
spectral data. 
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U n f o r t u n a t e l y , we were unable to o b t a i n s u i t a b l e c r y s t a l s f o r 
an X-ray d i f f r a c t i o n a n a l y s i s . T h e r e f o r e , the exact 
s t e r e o c h e m i s t r y of the d i o l 44 remains u n s o l v e d , a l t h o u g h 
i n analogy w i t h the e p o x i d a t i o n i t seems l i k e l y , t h a t 
OsO- a l s o approaches the s u b s t r a t e ЭД. fro™ the s t e r i c a l -
l y less s h i e l d e d convex s i d e . 
Ray and Matteson 3 1 3 f o u n d , t h a t c a t a l y t i c o s m y l a t i o n 
can be a c c o m p l i s h e d u s i n g t r i m e t h y l a m i n e N-oxide (TMO) 
as the o x i d a n t , e s p e c i a l l y i n the presence o f p y r i d i n e . 
Employing t h e i r method main ly r e s u l t e d i n r e c o v e r y of 
s t a r t i n g m a t e r i a l t o g e t h e r w i t h some d i o l 44 and some 
u n i d e n t i f i e d compounds. More f o r c i n g c o n d i t i o n s e.g. 
h e a t i n g at r e f l u x t e m p e r a t u r e l e d to d e c o m p o s i t i o n . 
The S h a r p l e s s h y d r o x y l a t i o n p r o c e d u r e " 0 w i t h 
t - b u t y l h y d r o g e n p e r o x i d e as OsO«-regenerat ing agent gave 
u n s a t i s f a c t o r y r e s u l t s t o o . A f t e r work-up the r e a c t i o n 
m i x t u r e c o n s i s t e d of s t a r t i n g m a t e r i a l and a r o m a t i c com­
pounds; h a r d l y any 44. was p r e s e n t . 
In the l i t e r a t u r e " 1 good y i e l d s of v i c i n a l d i o l s 
are r e p o r t e d , when alkenes are t r e a t e d w i t h KMnCK in a 
non-aqueous o r g a n i c two-phase system. Treatment of the 
aldehyde 30_ w i t h KMnO« in d i c h l oromethane gave, as dedu­
ced from the NMR s p e c t r u m , a m i x t u r e o f t h r e e compounds, 
namely ca. 40 % of s t a r t i n g m a t e r i a l , ca 40 % o f the 
d i o l 44 and an u n i d e n t i f i e d a r o m a t i c p r o d u c t . 
From the r e a c t i o n s d e s c r i b e d above i t i s n o t 
p o s s i b l e t o draw g e n e r a l c o n c l u s i o n s . I t seems c l e a r , 
t h a t o x i d a t i v e r e a c t i o n s i n v o l v i n g the c o n j u g a t e d d iene 
moiety of 30_ can o n l y be e f f e c t e d w i t h very m i l d reagents 
under n e u t r a l c o n d i t i o n s . More p o w e r f u l agents and/or f o r ­
c i n g c o n d i t i o n s l e a d to d e c o m p o s i t i o n o f the s u b s t r a t e and 
in a c i d i c and a l k a l i n e media a r o m a t i z a t i o n takes p l a c e 
r e a d i l y . 
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4 . 3 С ' <Л "ICi, Or IhYD^OI vi - n / " А-ЭЕ'ЛГЬ ¿_ AND 
ЬГ^ХУ I-iYDHOI ΏΣ Э ,Ε Α ι " " / 5 3 + α ^SIvG 'ΛΙΙ^ΤΊ-
"Υ^- =• ACTIO 9 
As o u t l i n e d i n s e c t i o n 4 . 1 (see scheme 4.13) the 
aldehyde f u n c t i o n p r e s e n t i n d i h y d r o i n d e n o n e d e r i v a t i v e s such 
as _30 a n d l i forms a p o t e n t i a l en t rée to con jugated 
o l e f i m c systems employ ing a W i t t i g - t y p e r e a c t i o n . 
With 30 as s t a r t i n g m a t e r i a l t h i s leads to con juga ted 
t r i e n e s 4J3, which are a t t r a c t i v e s u b s t r a t e s f o r s t u d y i n g 
s e l e c t i v e D i e l s - A l d e r r e a c t i o n s . 
Compound 45a (R = H) was prepared by a r e a c t i o n 
o f the aldehyde Ъ0_ w i t h methyl e n e t r i phenyl phosphorane. 
A W i t t i g r e a c t i o n o f 1 , 3 - c y c l o h e x a d i e n e - 1 - c a r b a l d e h y d e 
w i t h methyl t r i phenylphosphomum bromide u s i n g >BuLi in 
THF has been r e p o r t e d 7 0 In our e x p e r i m e n t s the same 
s o l v e n t - b a s e system was employed. A f t e r q u i t e some 
e x p e r i m e n t a t i o n we succeeded i n o b t a i n i n g the d e s i r e d 
d i h y d r o i n d e n o n e 45a i n a y i e l d of 55 % (scheme 4 . 1 9 ) . 
scheme 4 19 
.CH 30 
nBuLiJHF1 
45a (55 %) 
I t s s t r u c t u r e was c o n f i r m e d by the s p e c t r a l d a t a , which 
agree grobso nodo w i t h those of 1 - v i n y l - 1 , 3 - c y c l o h e x a -
d i e n e 7 1 A l t h o u g h the y i e l d of t h i s r e a c t i o n is a c c e p t a b l e , 
t h i s p r e p a r a t i o n of 45a s u f f e r s f rom some drawbacks. 
The c h o i c e of the r e a c t i o n t ime and t e m p e r a t u r e is 
r a t h e r c r i t i c a l and removal o f the accompanying b y - p r o d u c t s 
and t r i phenylphosph ι ne ox ide i s hampered by the i n s t a b i l i t y 
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of 45a during chromatography. These facts led us to 
consider an alternative sequence of the reactions, 
viz. route 2, to compound 45a. This new strategy and 
also that following route lare outlined in scheme 4.20 
scheme 4 . 2 0 
55 0 C=0 
ROUTE 2 
Ph]P = CH2 
SB \ys== 
Tricyclic compound 5_5 is reasonably stable towards alkaline 
reagents; consequently, less problems during its Wittig 
olefination are expected. 
An additional advantage of route 2 is that flash vacuum 
thermolysis is the final step. Provided pure starting 
materials are used, this technique usually gives 
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dihydroindenone derivatives free of by-products. In this 
manner, the troublesome purification of 45a is circumvented. 
The reaction between 5_5 and methyl enephos phorane 
proceeded well giving 5_7 in a yield of 95 % . Compound ЪТ^ 
can be purified without difficulty by crystallization. Se­
lective hydrolysis of b]_ to ^8 went straightforward; the 
yield of this second step was 89 % after crystallization. 
Serious problems were only met in the final stage, the 
flash vacuum thermolysis of 5j3 to 45a. In the beginning 
the yields were very poor due to polymerization 
of J58 during the preheating process at about 80 С (this 
temperature was necessary to get an acceptable conversion 
rate). Analogous to the thermolysis of 42e (see chapter 2) 
it was tried to improve this result by adding glass beads 
to the substrate in the preheating bulb. This adaptation 
alone raised the yield to about 50 %. In combination with 
the addition of 2 wt % of the free radical scavenger 
Galvinoxyl (figure 4.3) prior to evaporation of the sol­
vent dihydroindenone 45a is obtained pure in a yield of 
¿a. 85 t. 
figure 4.3 
Galvinoxyl 
* Preparation of _5_7 from 2 , h - d ¡ b r omo t e t r a h yd rome t h a no-
indenone bisethylene acetal using me ta 1-ha 1 ogen exchange 
followed by treatment with Cui and ν iny1brom i d e 7 2 was 
also investigated, however, without success. 
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Compound 45a has a l i m i t e d s h e l f - l i f e , a f t e r a b o u t 
one week a t room t e m p e r a t u r e i t had p a r t l y r e a c t e d t o 
f o r m a n o t h e r , p o l y m e r - l i k e m a t e r i a l . 
The o v e r a l l y i e l d f o r r o u t e 2 i s 74 %, compared t o 
47 % f o r r o u t e 1 C l e a r l y , r o u t e 2 i s t h e n r e f e r r e d one 
O b v i o u s l y , t h e 4 , 5 - e p o x y d e r i v a t i v e 59^  c a n n o t be 
p r e p a r e d ¿LZ r o u t e 2 T h e r e f o r e , t h e W i t t i g r e a c t i o n 
was c a r r i e d o u t on t h e e p o x y a l d e h y d e 3 1 a . Due t o t h e 
l i m i t e d s t a b i l i t y o f 31a a somewhat s h o r t e r r e a c t i o n 
t i m e and a l o w e r t e m p e r a t u r e ( - 3 0 0 C) were e m p l o y e d . 
A f t e r f l a s h c h r o m a t o g r a p h y the y i e l d o f 59 was 76 % 
(scheme 4 2 1 ) . 
scheme 4 . 2 1 
Ph3P=CH2 
nBuLi,THF,-30oC 
767.) 
The a s s i g n e d s t r u c t u r e was c o n f i r m e d by i t s s p e c t r a l 
d a t a . W i t t i g o l e f i n a t i o n r e a c t i o n s o f c a r b o n y l compounds 
c o n t a i n i n g an e p o x i d e f u n c t i o n a r e n o t f r e q u e n t l y e n c o u n -
t e r e d ; so f a r o n l y a few examp les have been r e p o r t e d i n 
11 t e r a t u r e 7 3 1 7 1 * . 
For reasons t h a t w i l l be d iscussed in the f o l l o w i n g 
s e c t i o n we wanted to prepare 4 - v i n y l s u b s t i t u t e d d i h y d r o i n -
denone d e r i v a t i v e s bea r i ng an e l e c t r o n - d o n a t i n g O R - s u b s t i -
t u e n t at the t e r m i n a l carbon atom of the v i n y l g roup . 
One of the methods o f c o n v e r t i n g a carbony l group i n t o 
a methoxyv iny l s u b s t i t u e n t is a W i t t i g r e a c t i o n a p p l y i n g 
methoxymethylene t r i p h e n y l phosphorane. The course of t h i s 
p a r t i c u l a r r e a c t i o n i s s t r o n g l y i n f l u e n c e d by the s o l v e n t 
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and base u s e d 7 5 ; g e n e r a l l y less n u c l e o p h i l i c bases 
such as P h L i , tBuLi or LDA are e m p l o y e d 7 5 » 7 5 . 
The phosphorane generated f rom methoxymethylphos-
phom'um c h l o r i d e by t B u L i i n THF was f i r s t b r o u g h t 
i n t o r e a c t i o n w i t h a model compound, i.e. 5 , 6 - d i h y d r o -
2 H - p y r a n - 3 - c a r b o x a l dehyde 6J3. This r e s u l t e d i η a 10 : 7 
m i x t u r e o f trans- and e t s - v i n y l e t h e r 6_1 w i t h o u t any 
b y - p r o d u c t s or unconsumed s t a r t i n g m a t e r i a l (scheme 4.22] 
scheme 4.22 
σ 
Η 
c=o 
РЬзР = СНОСНз OCH, 
60 61 
However, t h i s r e a c t i o n f a i l e d c o m p l e t e l y when the a ldehyde 
was used as the subs t r a t e . U n d e r no c o n d i t i o n ( t h e tempera­
t u r e was v a r i e d as was the r e a c t i o n t i m e , the q u a n t i t y and 
t y p e o f base and the r a t i o base-phosphonium s a l t ) we were 
a b l e t o i s o l a t e the d e s i r e d 6 2 . 
scheme 4.23 
Depending on the circumstances chosen the reaction mixtures 
consisted of unreacted aldehyde 30^ and/or aromatized 
material together with several unidentified products. 
Only in one case probably some ^2 was present in the 
reaction mixture, but after attempted isolation no trace 
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of it was left and the reaction could not be reproduced. 
A final experiment with "instant" methoxymethy1ene-
triphenyl p h o s p h o r a n e 7 7 (Fluka) led to starting material 
only. The same result was obtained with "instant" 
thiomethylmethylenetriphenyl phosphorane. From the colour 
of the solution it was concluded that the ylid had formed 
only to a minor extent. Therefore, excess tBuLi was added, 
but this gave no improvement. 
Others also have encountered difficulties using 
this type of p h o s p h o r a n e s 7 5 Ь > 7 β > 7 ' . A possible cause is 
the destabilizing influence of the OChU-group on the ylid. 
Treatment with a base then results in only partial 
formation of the phosphorane leaving strong base in the 
reaction mixture. In addition, proton abstraction by 
the ylid itself probably competes with the nucleophilic 
attack at the carbonyl f u n c t i o n 9 2 " . 
To avoid these problems modifications of the Wittig 
olefination reaction, e.g. the Horner-Emmons reaction, 
have been employed in the synthesis of vinyl ethers. The 
most frequently used type of reagent (RO)2P(0)C 0R'OR", 
does not always give satisfactory r e s u l t s 8 3 and the 
reports on ( R 2 N ) 2 P ( O ) C
0 R , O R " are somewhat ambi guous 8 3 'e '' . 
Good results have been reported for ( P h ) 2 P ( 0 ) C
e H 0 C H 3
8 2
 . 
For this reason this last named reagent was tried to 
accomplish the desired olefination of ЪО^. The reaction 
proceeds via an initially formed (isolable) adduct 65, 
which then reacts with base to give the vinyl ether 66 
(scheme 4 . 2 4 ) . 
Treatment of the aldehyde 30 with lithiated 63 at -20 0 C 
for 4 h. yielded a mixture of the starting material and 
aromatized aldehyde. The same result was obtained using 
LDA as a base at -30 0 C . In neither case the NMR spectrum 
showed absorptions attributable to vinyl ether 62 or an 
intermediate hydroxy compound. No further experiments were 
undertaken with reagent 63. 
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scheme 4 . 2 4 
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A n o t h e r m e t h o d o f i n t r o d u c i n g a ß - m e t h o x y v i n y 1 
s u b s t i t u e n t w h i c h was f i r s t d e s c r i b e d by P e t e r s o n 8 5 , 
i s t h a t i n v o l v i n g an o r g a n o s i 1 i con r e a g e n t 8 6 . T h i s 
r e a c t i o n p r o c e e d s as i s o u t l i n e d i n scheme 4 . 2 5 . 
scheme 4 . 2 5 
base 
0 
II 
R' -C-R" (CH3)3Si-CH2X * 
67 
R' 
(СНз)зЗі-С-С-0 и · 
X 1 
|СНз)з Si-C-Li 
§1 
H Л' 
• xc ссГ 
•· 
69 R" 70 
A wide v a r i a t i o n i n the n a t u r e of the s u b s t i t u e n t 
X i s p o s s i b l e , g i v i n g t h i s s y n t h e t i c method a g r e a t 
v e r s a t i l i t y . U s u a l l y , adducts 69 are not s t a b l e and 
even when X i s a good l e a v i n g group t r i m e t h y l s i 1 a -
n o l a t e i s l o s t in a syn f a s h i o n . When X equals ОСН., 
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sBuLi must be employed t o d e p r o t o n a t e the s t a r t i n g methoxy-
methyl t r i m e t h y 1 s i l a n e 6_7 ( X = ОСН.); «BuLi nucl eophi 1 i -
c a l l y a t t a c k s a t s i l i c o n and ;BuLi a b s t r a c t s a hydrogen 
atom from one of the methyl g r o u p s . F u r t h e r m o r e , the 
adduct ^9 ( X = OCH,) does not undergo ir. üivu e l i m i n a t i o n ; 
a f t e r work-up ß - h y d r o x y - a - m e t h o x y - a - t r i m e t h y l s i l y l com-
pounds are o b t a i n e d , which can be conver ted i n t o an enol 
e the r by t r e a t m e n t w i t h KH in THF. The main advantage of 
the Peterson o l e f i n a t i o n over the c o n v e n t i o n a l W i t t i g -
type r e a c t i o n , i n p a r t i c u l a r f o r X = ОСН., i s the more 
n u c l e o p h i l i c c h a r a c t e r of the s i l y l s u b s t i t u t e d c a r b a -
nions as compared t o t h e i r phosphonate c o u n t e r p a r t s . 
In view of the r e s u l t s r e p o r t e d by Magnus 8 6 the 
a ldehyde _30 was t r e a t e d w i t h 1.5 eq o f l i t h i a t e d 6_7 
(X = 0CH3) i n THF a t -78 0 C * . A f t e r s t i r r i n g the r e a c t i o n 
m i x t u r e f o r one h. at -30 oc and subsequent work-up 
an o i l was o b t a i n e d . A c c o r d i n g t o the NMR spectrum a l l 
s t a r t i n g m a t e r i a l s had been consumed. U n e x p e c t e d l y , 
the s p e c t r a l f e a t u r e s r e v e a l e d no ev idence f o r the p r e s e n ­
ce of the d e s i r e d enol e t h e r or an i n t e r m e d i a t e compound. 
M o d i f i c a t i o n o f the r e a c t i o n c o n d i t i o n s of t h i s P e t e r s o n 
r e a c t i o n d i d not change t h i s s i t u a t i o n . 
From the r e s u l t s d e s c r i b e d above i t i s c l e a r t h a t 
the r o u t e t o the enol e t h e r 6_2 via the a ldehyde 30^ i s 
n o t f e a s i b l e . T h e r e f o r e , t h e r e a c t i o n sequence was a l t e r e d 
i n analogy w i t h scheme 4 . 2 0 . T r i c y c l i c c o m p o u n d ^ 5 r e a c t e d 
w i t h m e t h o x y t r i phenyl phosphorane t o g i v e the enol e t h e r 
71 i n 55 % y i e l d ( c o n d i t i o n s not o p t i m i z e d ) , p r o b a b l y as 
a ¿гз- гапз m i x t u r e (scheme 4 . 2 6 ) . Al though the NMR-spectrum 
c o u l d not be f u l l y i n t e r p r e t e d , the proposed s t r u c t u r e 
7JL was c o n f i r m e d by IR, MS and e l e m e n t a l a n a l y s e s . 
* Compound ej_ was prepared in moderate y i e l d a c c o r d i n g 
to Spe i ег 7 . 
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s c h e m e 4 . 2 6 
(РМэРСНОСНэ 
V δ" 
55 
V 0 <V0 
- І-СД -х^ /ΠΙΑ 
7/ (557.) 
В1 
Unfortunately, the selective hydrolysis of 7_1 to the 
ketone J^ l could not be realized. For the time being 
the failure of preparing enol ether 62 has to be accepted. 
4 . 4 [ 4+2] CYCLOADDITION REACTIONS OF 4-VTNYLDIHYDR0IN-
DEilONE ETHYLENE AC ETAL 4 5a 
As p o i n t e d out i n the i n t r o d u c t o r y s e c t i o n 4 . 1 
the v i n y l d i h y d r o i n d e n o n e d e r i v a t i v e 45a enables us to 
s t u d y s e l e c t i v e D i e l s - A l d e r r e a c t i o n s (scheme 4 . 1 3 ) . 
In view o f the l i m i t e d thermal s t a b i l i t y o f t h i s com­
pound r e a c t i v e d i e n o p h i l e s such as benzoquinone and 
m a l e i c a n h y d r i d e were s e l e c t e d f o r t h i s D i e l s - A l d e r 
r e a c t i o n . 
T r e a t m e n t of 45a w i t h benzoquinone a t 20 0C 
r e s u l t e d i n a slow consumption o f s t a r t i n g m a t e r i a l . 
A f t e r 4-5 days the NMR-spectrum showed t h a t p r o b a b l y an 
adduct had been f o r m e d . A c t u a l i s o l a t i o n and p u r i f i c a t i o n 
of t h i s adduct appeared t o be very h a r d . C r y s t a l l i z a t i o n 
f a i l e d as d i d a l l a t t e m p t e d " c o n v e n t i o n a l " chromatography 
( s i l i c a , a l u m i n i u m o x i d e or F l o r i s i l c o l u m n , s i l i c a or 
r e v e r s e d phase t h i c k - l a y e r p l a t e s ) . 
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Merely chromatography on Bio-beads gave good r e s u l t s . 
The main f r a c t i o n (σα. 70 %) c o n s i s t e d of a s i n g l e 
y e l l o w m a t e r i a l , t h a t s o l i d i f i e d a f t e r a w h i l e . An ana­
l y t i c a l l y pure sample was o b t a i n e d by c a r e f u l c r y s t a l l i ­
z a t i o n from e t h a n o l . The NMR spectrum showed a m u l t i p l e t 
(2H) a t 5 2 . 3 , a 3H m u l t i p l e t a t б 3 . 1 , a 2H m u l t i p l e t 
a t 5 3 . 5 5 , a m u l t i p l e t of the a c e t a l p r o t o n s a t & 4 . 0 , a 
m u l t i p l e t ( 3H) a t 6 5 . 6 5 , a 1 H d o u b l e t a t δ 6.0 and a 
2 H m u l t i p l e t a t & 6.6. Two adduct s t r u c t u r e s can be 
f i g u r e 4.4 
* This t e c h n i q u e is called gel p e r m e a t i o n c h r o m a t o g r a p h y ; 
c o m p o u n d s are s e p a r a t e d in o r d e r of s i z e , w h i c h o f t e n 
bears r e l a t i o n s h i p w i t h m o l e c u l a r w e i g h t . The c o l u m n 
m a t e r i a l c o n s i s t s of neutral s t y r e n e - d i ν i п у 1 Ь e n z e n e 
c o p o l y m e r b e a d s w i t h p o r e s . The d i m e n s i o n s of the pores 
are d e t e r m i n e d by the d e g r e e of с ross - 1 inking and to a 
mi n o r e x t e n t by the sol v e n t u s e d . Small m o l e c u l e s a r e 
ab l e to en t e r the pores and t h e r e f o r e , it takes them 
m o r e time to reach the end of the c o l u m n c o m p a r e d to 
the larger m o l e c u l e s . No i n t e r a c t i o n o c c u r s b e t w e e n 
the s a m p l e and the c o l u m n m a t e r i a l , m a k i n g this m e t h o d 
very suited for the p u r i f i c a t i o n of labil e c o m p o u n d s . 
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env i saged , viz. T¿ and TJÌ . 
S t r u c t u r e 2 1 was r e j e c t e d because o f the m u l t i p l e t a t 
б 2.3 and the absence of an ABX p a t t e r n o f a t e r m i n a l 
v i n y l i c s u b s t i t u e n t . The NMR d a t a , a l t h o u g h d i f f i c u l t to 
i n t e r p r e t e even when us ing double resonance t e c h n i q u e s , 
are i n agreement w i t h s t r u c t u r e 7_3. The ass igned s t r u c ­
t u r e was s u p p o r t e d by IR, MS and combust ion a n a l y s e s . 
The remainder of the chromatography f r a c t i o n s [ca. 30 %) 
c o n s i s t e d o f b e n z o q u i n o n e , a l i t t l e s t a r t i n g m a t e r i a l and 
some p o l y m e r i c p r o d u c t s . The NMR and IR s p e c t r a of the 
o r i g i n a l r e a c t i o n m i x t u r e d i d n o t show any a b s o r p t i o n s , 
i n d i c a t i n g the f o r m a t i o n of the a l t e r n a t i v e adduct 72. 
Due to the c o m p l e x i t y of the NMIÎ spectrum 
i t is no t p o s s i b l e to draw c o n c l u s i o n s about the exac t 
s p a t i a l arrangement o f the adduct 23 · T h e r e f o r e , an X-ray 
s t r u c t u r e a n a l y s i s was per fo rmed. The c r y s t a l s t r u c t u r e 
f o u n d " 9 ( f i g u r e 4 .5 ) shows, t h a t benzoqu inone, as 
p r e d i c t e d , has approached the t r i e n e 45a from the convex 
s ide in c o n f o r m i t y w i t h the A lde r t n a o - r u l e ( t r a n s i t i o n 
f i gure 4.5 
* For re a s o n s of c l a r i t y the n o t a t i o n of the s t e r e o c h e m i s t r y 
at the r e s p e c t i v e c e n t e r s is s o m e w h a t d i f f e r e n t from o t h e r 
parts of this t h e s i s (Η-atoms are s p e c i f i c a l l y i n d i c a t e d ) . 
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s t a t e 50a i n f i g u r e 4 . 1 ) . E v i d e n t l y , the convex s ide 
o f d ihydro indenone a c e t á i s i s s t e r i c a l l y less s h i e l d e d 
than the concave s i de. 
D i s tu rbance of the convex s i de o f the s u b s t r a t e 
by an e x t r a s u b s t i t u e n t , as i s the case in the epoxy-
v i n y l d i h y d r o i n d e n o n e a c e t a l 5^_, w i l l hamper the D i e l s -
A lde r r e a c t i o n . At tempts to accompl ish a [4+21 c y c l o a d d i -
t i o n r e a c t i o n o f 59_ w i t h benzoquinone were u n s u c c e s s f u l ; 
no r e a c t i o n o c c u r r e d (scheme 4 . 2 7 ) . 
scheme 4.27 
Br 0 = { Z ) = I 
X—·> 
Attempts were made to increase the rate and/or to 
improve the yield of the adduct formation from substrates 
45a and _59 by performing experiments at elevated tempera-
tures or in the presence of Lewis acids. All these efforts 
were in vain. Above 40 С 45a and J59 decompose rapidly; 
addition of strong Lewis acids, such as F e C K or BF,. 
Et ? 0 , even at very low temperatures, also led to decom­
position. The relatively mild Lewis catalyst ZnCl„ 
had no effect at all. It should be noted that among 
the products obtained in theses reactions no simple aroma­
tic isomer of e.j. 21 w a s found, although the conditions 
employed seem to favor its formation (scheme 4.28). For 
benzoquinone viny1cycloalkene adducts, which have a 
structure comparable to 7_3, a spontaneous i someri zation 
to the corresponding aromatic compounds has been repor­
ted'*''''9. In many cases a small amount of an acid or 
base is sufficient to induce this aromatization reaction, 
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scheme 4.28 
И IL J 
in some cases more vigorous conditions are needed; sometimes 
the isomerization does not occur at all. 
In order to establish, where the chemical behaviour of 
73 fits into the above mentioned pattern, the conversion 
of _73 into 7jj was investigated. In acidic media, e . g . 
hydrochloric or tri f1uoroacetiс acid decomposition into 
several unidentifiable compounds takes place. Treatment 
with weakly alkaline solutions gave slow and with strong 
bases immediate darkening and decomposition. For instance, 
treatment of _7_3 with a suspension of NaH in THF and 
adding excess tri methyl silyl chloride gave after work-up 
a mixture of several compounds containing trimethylsilyl 
groups; none of them could properly be characterized due 
to decomposition during purification. 
Although the reluctance in aromatization of ТЪ is not 
unprecedented, a satisfactory explanation cannot be 
offered yet. 
In the same manner as described for 7_3 the adducts 
76 and ]J_ were obtained in yields of 74 % and 45 %, res­
pectively. Purification of both compounds turned out to 
be troublesome. The major part of the impurities could 
be removed by gel chromatography. However, attempted 
crystallization of 76, in analogy with _73. resulted 
in substantial decomposition as did chromatography on 
silica. For this reason only minor quantities of pure 
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f i g u r e 4 . 6 
H 0 . 0 H<LJI 
m a t e r i a l were i s o l a t e d . Compound 76. does n o t c r y s t a l l i z e 
w e l l ; c o n s e q u e n t l y , no X-ray s t r u c t u r e a n a l y s i s c o u l d be 
performed t o e s t a b l i s h the s p a t i a l s t r u c t u r e w i t h c e r t a i n ­
t y . Because of the analogy between benzoquinone and 
naphtoquinone as d i e n o p h i l e s and the s i m i l a r i t i e s i n 
the NMR s p e c t r a o f 7_3 and 76^, adduct 76_ most l i k e l y has 
the i n d i c a t e d s t e r e o c h e m i s t r y . 
D i f f i c u l t i e s were a l s o e n c o u n t e r e d w i t h the p u r i f i c a t i o n 
and c r y s t a l s t r u c t u r e d e t e r m i n a t i o n of 7_7. I t s NMR 
spectrum shows o n l y a few resemblances w i t h t h a t of 73; 
t h e r e f o r e , the s t e r e o c h e m i c a l c o n f i g u r a t i o n o f the 
adduct 2Z c o u l d n o t be e s t a b l i s h e d unambiguously ( t h e 
s t r u c t u r e p i c t u r e d i s based on a n a l o g y ) . 
C y c l i z a t i o n r e a c t i o n s w i t h o t h e r α , ß - u n s a t u r a t e d 
c y c l i c ketones as d i e n o p h i l e s were a l so t r i e d . The t r i e n e 
45a f a i l e d to r e a c t w i t h cyc lohexen-2 -one under the v a r i o u s 
c o n d i t i o n s employed; the a t tempted c y c l o a d d i t i o n of 45a and 
c y c l o p e n t - 2 - e n e - 1 , 3 - d i o n e r e s u l t e d i n immediate p o l y m e r i -
z a t i o n of the l a t t e r . 
The r e a c t i v i t y o f s u b s t r a t e 45a was a lso exp lo red 
w i t h va r i ous n o n - c y c l i c d i e n o p h i l e s . With t e t r acyanoe thene 
(TCNE) adduct ]_8 was ob ta i ned which was c h a r a c t e r i z e d by 
i t s NMR spectrum ( f i g u r e 4 . 7 ) . P u r i f i c a t i o n of the adduct 
was v i r t u a l l y i m p o s s i b l e because of i t s low s o l u b i l i t y 
i n o rgan i c s o l v e n t s . Wi th a - c h l o r o a c r y l o n i t r i le 
2 - p - n i t r o p h e n y l - 1 , 1 - d i c y a n o e t h e n e no adduct f o r m a t i o n 
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f i gure 4.7 
H<L О H <L J) 
could be accomplished. Treatment of 45a with dimethyl 
acetylenedicarbonyla te gave after removal of the solvent 
a crude product, which according to the NMR and mass 
spectra indeed contained the adduct 21· Some polymeric 
material and excess of dienophile could be removed by 
gel chromatography, however, further purification of 
79 could not be achieved. 
Acrylates showed no reaction with 45a. 
The enhancement of the reactivity of 45a by the 
introduction of an electron-donating methoxy substituent 
in the diene moiety was also considered. However, this 
idea stranded in the stage of preparing the desired 
vinyl ether (see section 4 . 3 ) . 
The results described above allow the conclusion 
that the substrate 45a has a limited applicability as 
diene in [4+2] cycloaddition reactions. The cycloaddition 
reaction with reactive dienophiles such as benzo- and 
naphtoquinone is of interest as a method of angular 
annelati on. 
- 1 4 6 -
4.5 METAL:ATio:i OF с:з-2,4-:ізнсу,о-,-а, '/а-э:чу! :-.о::,:<• .".-
1-Э:;Е ΕΊΙΠΙΚΊΕ АС ETAL 51 AHO SÏ3J~,Q„ г Г ?.- AS: IO W" 
WITH ELECTRCP'IILIC Р.ЕАСЕУ.ТБ 
In chapter 2 the metallation of compound 80 and 
subsequent reactionswith several electrophi1 es has been 
described. Analogously, it was attempted to accomplish 
some of these transformations with the dihydroindenone 
derivative SJ. (figure 4.8). It must be kept in mind, 
figure 4.8 
V 
51 
that the bromine atoms of 80 have a considerable diver­
gence in reactivity. On one hand bridgehead substituents, 
such as the bromine atom at C(4) are difficult to replace 
and on the other hand the acetal function has a stabilizing 
influence on the metallation at C(2). For the bromine 
atoms in compound 5^1 the difference in reacti vi ty wi 11 be 
less pronounced. However, it was hoped, that the contribu­
tion of the acetal moiety to the stabilization of the or-
ganolithium complex would be sufficient to allow a selec-
ti ve subs ti tuti on. 
The reactions were performed in a similar manner 
as described in chapter 2. However, because of the inhe­
rent lability of many dihydroindenone derivatives, reac­
tion mixtures were kept between -10 0 C and 0 0 C . 
Treatment of 5_1 with 1.05 eq. nBuLi followed by addition 
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y i e l d e d a ; 3 - 4 - b r o m o - 3 a , 7 a - d i h y d r o i n d e n - l - o n e 
acetal _52a (scheme 4 . 2 9 ) . 
29 
Br Br 
0 0 0 0 
5/ 52 ê -с 
з- E = H 
b СНэ 
с 5і(СНз)з 
The s t r u c t u r e of 52a was e s t a b l i s h e d by comparing i t s 
s p e c t r a l data w i t h those o f a sample p r e p a r e d by FVT of 
2 - b r o m o t e t r a h y d r o m e t h a n o i n d e n e d i o n e e t h y l e n e a c e t a l 
(see p. 5 9 ) . Due t o the i n s t a b i l i t y o f 52a i t c o u l d n o t be 
p u r i f i e d ; the p e r c e n t a g e of 52a p r e s e n t i n the r e a c t i o n 
m i x t u r e was aa. 65 % (compared t o aa. 75 % v i a the FVT 
r o u t e ) . 
By u s i n g methyl i o d i d e and t r i methyl s i l y l c h l o r i d e 
as el e c t r o p h i 1 i с reagents compounds 52b and 52c, respec­
t i v e l y , were o b t a i n e d . P u r i f i c a t i o n of the r e a c t i o n 
p r o d u c t s was s e v e r e l y hampered by d e c o m p o s i t i o n . 
These t h r e e examples demonstrate t h a t m e t a l l a t i o n 
of 2 , 4 - d i b r o m o d i h y d r o i n d e n o n e d e r i v a t i v e s s e l e c t i v e l y 
takes p l a c e at C ( 2 ) . However, the p r o d u c t s o b t a i n e d , a f t e r 
quenching w i t h the e l e c t r o p h i 1 i с r e a g e n t , s u f f e r from 
( t h e r m a l ) i n s t a b i l i t y ; t h i s c a s t s a shadow on the i n i t s e l f 
a t t r a c t i v e approach t o f u n c t i o n a l i zed d i h y d r o i n d e n o n e 
d e r i v a t i v e s . 
of w a t e r 
e t h y l ene 
scheme 4 
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4 . 6 KXPERIMEHTAL 
General 
The general remarks mentioned in section l.h, the appendix 
and section 3·** are also valid for the experiments described in this 
sect ion. 
Anhydrous Na2HP01jwas obtained by heating the heptahydrate in vacuo 
over P20r· 
Methyltr¡phenylphosphonium bromide was dried at 100 С in vacuo 
over Ρ-,Ο,- prior to use. 
Benzoquinone and naphtoquinone were purified by sublimation and 
subsequent crystal 1 i zat ion; mal ei сanhydride was purified by 
crys tal 1 i zat ion. 
Bio-Beads S-X8 and S-X12 were purchased from Bio-Rad Laboratories 
and were swollen one day in the solvent before they were used. 
The column packing is essentially the same as for silica. Packed 
columns are stable and reusable indefenitely. A change of solvent 
was achieved by elution of aa. 3 bed volumes of the new solvent; 
non-polar and aprotic solvents, e.g. benzene, DMF, acetone, DMSO, 
THF and chlorinated hydrocarbons were employed (SX-8 ranges up to 
M = 1000 and S-X12 up to M = ΊΟΟ). 
Syntheses 
ciä-2-Bromo-4-formyloxy-3a17a-dihydroinden-l-one 1-ethylene ace tal, 54 
To a s o l u t i o n of the a l d e h y d e ^ (0.010 g, 0.35 mmol) in CH.Cl 
(2 ml) was added f i r s t f i n e l y powdered Na_HP0, (0.2 g) and then 
under vigorous s t i r r i n g m-chloroperbenzoic acid (0.065 g, 0.375 mmol). 
The mixture was s t i r r e d for 2 h at 0 С and a f t e r t h a t kept f o r 
one n i g h t a t room temperature. D i l u t i o n w i t h CH-CI« (50 ml) and 
e x t r a c t i o n w i t h s a t u r a t e d aqueous NaHCO, s o l u t i o n ( 2 x 5 ml) gave 
a f t e r d r y i n g (MgSO,) and evaporat ion of the s o l v e n t a m i x t u r e main­
ly c o n s i s t i n g o f j jA. No attempts for p u r i f i c a t i o n were undertaken. 
- ] h 3 -
^ N M R ( C D C l J : 5 3 - 2 2 - 3 . k b (m, H., , J ,
 7 = 1 1 . 4 H z ) ; 5 3 . 6 6 - 3 . 8 8 3 /a j a , /a 
(m, H ) ; ΰ 3 . 8 8 - 4 . 3 8 (m, a c e t a l p r o t o n s ) ; 6 5 - 3 5 - 6 . 4 5 ( m , Η ς , Hg and 
H 7 , i n c l u d e s a d a t δ 6 . 2 1 , Н^, J^ З а = 3 . 0 H z ) ; 6 8 . 1 3 ( s , CHO) 
IR ( N a C l ) : 1 7 3 5 , 1670, 1620 c m " 1 . 
To p r e p a r e t h i s compound t h e V e d e j s m o d i f i c a t i o n o f t h e p r o c e d u r e o f 
Mimoun et xZ.1B was u s e d . C r y s t a l l i z a t i o n f r o m m e t h a n o l (max. t e m p . 
40 0 C ) gave p u r e Mo0(0 ) .H 2 0.HMPTA. By c o n c e n t r a t i o n o f t h e m o t h e r 
l i q u o r a n o t h e r c r o p c o u l d be i s o l a t e d ; t o t a l y i e l d 60 % ( l i t . ' 9 67 %) · 
No p r o d u c t was o b t a i n e d when MoO was r e p l a c e d by m o l y b d i c a c i d . 
CxoaipcroxymoZj! de /n (ÎLPxœne-'rijlprocphorie tria"· ile) 
T h i s compound was p r e p a r e d f r o m t h e aquo comp lex by d e h y d r a t a t i o n 
- 2 
o v e r Ρ 0_ a t 3 · 10 mm Hg d u r i n g 3 d a y s . C o n t r a r y t o t h e l i t e r a t u r e 
r e p o r t s n o t a l l t h e w a t e r p r e s e n t was removed by t h i s m e t h o d . 
The s p e c t r a l d a t a a g r e e d w i t h t h o s e r e p o r t e d p r e v i o u s l y 1 6 . 
The m o l y b d e n u m p e r o x o c o m p l e x was s t o r e d c o o l and p r o t e c t e d f r o m 
1 i g h t . 
cis-P-Bromo-riso Ld-β, /-^OOxy-l-oxo-?a, 6, 7, /a-trvrahijdrcÎndcnc-*-
a aro al de и y de l-ei-^lene aaeval ύΐα 
M o O ( 0 2 ) 2 . H M P T A ( 0 . 4 1 g , 1.15 mmol) was added t o a s o l u t i o n o f 
t h e a l d e h y d e 25. ( 0 - 3 4 g , 1.20 mmol) i n CHC1 (25 m l ) and t h e m i x t u r e 
was h e a t e d u n d e r r e f l u x f o r 2 j h . H e r e a f t e r , more molybdenum com­
p l e x ( 0 . 2 7 g , Ο.76 mmol) was added and t h e m i x t u r e h e a t e d under 
r e f l u x f o r 2 h. D u r i n g t h e r e a c t i o n a g r e e n p r e c i p i t a t e was f o r m e d . 
The r e a c t i o n m i x t u r e was c o o l e d , c o n c e n t r a t e d and p u r i f i e d by 
f l a s h c h r o m a t o g r a p h y u n d e r s u c t i o n ( d r y F l o r i s i l , 5 g - e t h e r , 400 m l ) . 
T h i s p r o c e d u r e a f f o r d e d 31a as a y e l l o w s o l i d , w h i c h was c r y s t a l l i z e d 
f r o m e t h a n o l t o g i v e an a n a l y t i c a l l y p u r e p r o d u c t ( 0 . 2 8 5 g , 79 % ) , 
mp 1 3 1 - 1 3 4 0 C . Ή NMR ( d , - a c e t e n ) : <5 2 . 8 0 ( b r s . H-, and H., ) ; 
b I l a 
6 З . 2 8 (m, H ) ; 6 З . 5 0 - 3 . 6 9 (m, H g ) ; δ 3 . 9 7 - 4 . 3 6 (m, a c e t a l p r o t o n s ) ; 
δ 6 . 5 0 ( d , H , , J , = 2 . 4 H z ) ; δ 7 . 1 0 ( d d , Н
с
, J = 1.7 H z , 
- 1 5 0 -
J r , = 3.8 H z ) ; δ 9.39 ( s , CHO). IR ( K B r ) : 3090, 30^8, 1688, 16Í»6, 5>Ь _. -
1620 cm . UV (CH,0H): λ ( l o g ε) 2 И nm ( 3 . 3 6 ) . m/e: 298 (M ) . 
3 max 
A n a l . c a l e , f o r С ^ І ^ В г О ^ : С, ¿(8.18; Η, 3 - 7 1 ; found С, '»S.12; 
H, 3.83 %• 
(•ίΰ-2-В ото-б, 7-dihydeoxy-l-cxr-53 В, 7, 7a-tetrahydroindene-4-carbal-
dehyde 1-ethylene aceta I 44_ 
To a s o l u t i o n o f the aldehyde ^O (0.150 g , 0.53 mmol) in a tBuOH-
THF-H20 m i x t u r e (300 : 90 : 30 μ 1 ) was added N-methyImorphol ine-
N-oxide monohydrate (0.075 g , 0.55 mol) (Janssen C h i m i c a ) ; t o the 
r e s u l t i n g suspension was added 2.5 % i n OsO, in ¿BuOH (525 μΐ ) 
(Janssen Chimica). The dark red r e a c t i o n m i x t u r e was s t i r r e d f o r 
't days a t room t e m p e r a t u r e ; then i t was d i l u t e d w i t h CH.C1, 
(15 ml) and e x t r a c t e d w i t h 5 % NaNO.-saturated NH.Cl s o l u t i o n 
(5 ml) and water (5 m l ) . The combined aqueous layers were e x t r a c ­
ted four times w i t h CH-C1 (50 m l ) . 
A f t e r d r y i n g of the combined organic layers (MgSO.) and e v a p o r a t i o n 
o f the s o l v e n t a brown s o l i d m a t e r i a l was o b t a i n e d . C r y s t a l l i z a t i o n 
from toluene a f f o r d e d pure Mt (0.101 g , 60 Ζ) as c o l o u r l e s s c r y s t a l s : 
mp 159-161 0 C . 'H NMR ( C D C l J : 6 1.60 (br . Ohi); 6 2.89 ( d d , Η , 
J = 6.3 Hz, J = 6.9 H z ) ; δ 3.65 (m, H, ) ; δ k.00-4.hu (m, a c e t a l 
protons and H ) ; δ Ц.ЬЭ (m, Η,) ; δ 6.31 ( d , H-, J . = 2.6 H z ) ; 
δ 6.71 (m, H 5 ) ; δ 9.51 ( s , CHO). IR ( K B r ) : З ^ О , 3335, 3085, 3030, 
1673, 1620 c m " 1 . UV (CH,0H): λ ( l o g ε ) 225 nm (k.Qì). m/e: 
i max 
316 (M +). Anal. cale, for C^H^BrOç: С, Ί5·'*5; Η, 4.13; found С, 
45.26; Η 3-98 Ζ. 
ois-2-Bromo-4-vinyl-3a,7a-dihydroinden-1-one ethylene acetal 4ba 
A stirred suspension of previously dried methyl tri phenylphosphoniurn 
bromide (0.50 g, 1.4 mmol) in THF (10 ml) under N. was cooled to 
-20 C. Just enough rcBuLi solution was added to colour the reaction 
mixture slightly yellow; subsequently, 1 eq of ï-iBuLi (0.88 ml) 
was added and the reaction mixture was kept for 1 h at 0 C. Then, 
it was cooled to -78 0C and the aldehyde 30 (0.396 g, 1.4 mmol) 
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d i s s o l v e d i n THF (1 m l ) was a d d e d . The m i x t u r e was a l l o w e d t o 
warm up t o О С and k e p t a t t h a t t e m p e r a t u r e f o r 20 h . E x t r a c t i o n 
w i t h s a t u r a t e d aqueous NH.Cl (10 m l ) , e x t r a c t i o n o f t h e aqueous 
l a y e r w i t h C H ^ C l . (3 χ 50 m l ) , d r y i n g o f t h e c o m b i n e d o r g a n i c l a y e r s 
(MgSO,) and e v a p o r a t i o n o f t h e s o l v e n t a f f o r d e d a f t e r f l a s h c h r o ­
m a t o g r a p h y u n d e r s u c t i o n ( d r y F i o r i s i 1 , 5 9 " e t h e r , 300 m l ) 
r e a s o n a b l y p u r e k5a ( 0 . 2 1 6 g , 55 %) as a n e a r l y c o l o u r l e s s o i l . 
^ NMR ( C D C l J : δ 3 - 2 2 ( m , H, . J , , = 9 - 9 H z ) ; δ 3 . 7 8 (m, H, ) ; 
δ 3.88-1».38 (m, a c e t a l p r o t o n s ) ; 6 5-09 ( d , CH 2 =CH-, J = 1 0 . 5 H z ) ; 
δ 5-25 ( d , CH 2 =CH-, J = 17-1 H z ) ; δ 5 . 5 2 - 6 . 0 0 (m, H , H 6 and H ) ; 
δ 6 . 0 k ( d , H 3 , J , 3 a = 2 . 2 H z ) ; δ 6 . 3 6 ( d d , CH = C H - ) . IR ( N a C l ) : 
3 0 8 2 , 3 0 Ί 0 , 1 5 9 9 , ' l 5 8 2 , 900 c m " 1 . UV (CH OH): λ ^ 289 ( s h ) , 300 nm. 
m/e: 280 ( M + ) ; a c c u r a t e m a s s : 2 8 0 . 0 0 8 0 ; c a l e , f o r C ^ H . ^ B r O . : 
2 8 0 . 0 0 9 9 . 
The same compound was o b t a i n e d as a y e l l o w o i l i n 87 % y i e l d by 
FVT o f ^ 8 ( s a m p l e t e m p . αα. 80 С, o v e n t e m p . 460 С, c o l d t r a p 
t e m p . - 7 8 C, p r e s s u r e w i t h N - f l o w 1.5 · 10 mm H g ) . The r e m a i n i n g 
r e a c t i o n c o n d i t i o n s a r e g i v e n i n s e c t i o n Ц.3. 
cndo-4-Br,omo-?,-vinyl-èa-4, 7, 7a-t,etrahydro-4, Y-methanoindene-l,8-
dione lyS-bixethylene aoetal Ь7_ 
T h i s compound was s y n t h e s i z e d a n a l o g o u s t o 45a f r o m m e t h y l t r i p h e n y l -
p h o s p h o n i u m b r o m i d e (S-'tO g , 0 . 0 1 5 m o l ) , n B u L i ( 9 . 6 m l , 0 . 0 1 5 3 m o l ) 
and _55 ( 5 - 2 6 g , O.OTtS m o l ) . A f t e r a d d i t i o n o f t h e a l d e h y d e _55 
t h e m i x t u r e was a l l o w e d t o a t t a i n room t e m p e r a t u r e and k e p t f o r 
2i d a y s . T h e n , t h e THF was e v a p o r a t e d , t h e r e a c t i o n m i x t u r e 
d i s s o l v e d i n a l i t t l e CH-C1- and p u r i f i e d by f l a s h c h r o m a t o g r a p h y 
u n d e r s u c t i o n ( d r y F i o r i s i ! , 50 g - e t h e r , 300 m l ) t o g i v e p u r e 57 
( 4 . 9 9 g , 95 % ) : mp 1 5 4 - 1 5 6 0 C . 'H NMR ( C D C 1 3 ) : δ 2 . 5 5 - 2 . 7 3 
(m, H 7 ) ; δ 3 . 0 0 ( d d , Н ^ , J j = 7-5 Hz, J ^ ^ = 4 . 8 H z ) ; 
6 3-57 ( d d , H , J = 2 . 2 H z ) ; δ 3 . 6 8 - 4 . 2 9 ( m , a c e t a l p r o t o n s ) ; 
δ 5 . 0 8 ( d d , CH2=CH-,' J = 2 . 2 Hz, J = 1 1 . 0 H z ) ; δ 5 . 4 7 ( d d , CH 2 =CH-, 
J = 1 7 . 7 H z ) ; δ 5-78 ( d d , H c , J r , = 6 . 4 H z , J c -, = 1.2 H z ) ; 
δ 5 . 8 7 - 6 . 3 8 (m, H , and CH.=CH-, i n c l u d e s a dd a t δ 6 . 1 6 , H¿, J , -, = 
5 / — o b , / 
- 1 5 2 -
3.6 Hz). IR ( К В г ) : 3096, 1642, 1591, 1571 cm" . m/e: 352 (M+) . 
endo-4-Вгото-Я- гпуІ-За,4,7a-tetrahydïO-4,V-methanoindene-l,8-dione 
S-ethytene acetal 58_ 
Se lec t i ve hyd ro l ys i s of jT? analogous to the procedure used fo r 
compound klb (p . 53) , s t a r t i n g from 0.61* g , 1.81 mmol of m a t e r i a l , 
a f fo rded a f t e r c r y s t a l l i z a t i o n from ethanol pure j>f3 (0.50 g , 
89 %): mp 108.5-110 0 C. lH NMR (CDCl ) : δ 2.94-3.30 (m, W-j and H ) ; 
δ 3.59 (dd, H 3 a , J 3 i 3 a = 3.0 Hz, J 3 a i 7 a = 5.3 Hz) ; 3.80-'t.37 
(m, a c e t a l p r o t o n s ) ; δ 5.31 (dd, C^2=CH-, J = 3-0 Hz, J = 10.1 Hz); 
δ 5-78-6.17 (m, H,, H, and CH,=CH-, J c , = 6.k Hz) ; δ 6.36 ( d d , 5 Ь —2 5, b 
CH2=CH-, J = 17.7 Hz); δ 7-32 (d, H ). IR (КВг): 3084, 3040, 3016, 
1699, 1622, 1608, 1580, 901 cm"1, m/e: 308 (M +). Anal. cale, for 
С1І4Н BrO : С, 54.39; H, 4.24; found С, 54.44; H, 4.26 I. 
ais-2-Bromo-aisotd-637-epoxy-4-vinyl-3a,β,/,7a-tetvahydroinden-l-
one ethylene acebal Ь9_ 
A solution of methylenetri phenyl phosphorane (0.82 g, 2.3 mmol) 
in THF (23 ml) was prepared in the same way as described for 
compound 45a. 
The epoxyaldehyde 31a (0.10 g, 0.33 mmol) was dissolved in THF 
(2 ml) and cooled to -78 0C under N . With stirring 3.7 ml (0.33 
mmol) of the ylid solution was added and the reaction mixture 
was allowed to warm up to -30 С and kept at that temperature. 
After 4 h it was quenched with a saturated NH.Cl solution (4 ml) 
and the aqueous phase was extracted with CH.C1- (4 χ 50 ml). 
The combined organic layers were dried (MgSO.) and the solvent 
evaporated to leave a brown oil, which was purified by flash 
chromatography with suction (dry Fiorisi!, 5 g " ether, 100 ml). 
This afforded almost pure 59 (0.074 g, 76 %) . Ή NMR (CDCl ): 
δ 3.17-3.60 (m, H 3 a , Н 6, H and Н О ; δ 3.96-4.45 (m, acetal protons) 
δ 5.18 (d, C^2=CH-, J = 11.0 Hz); δ 5.27 (d, CH2=CH-, J = 17-6 Hz); 
δ 5.99 (d, H 5, J 5 6 = 3.8 Hz); δ 6.23 (dd, CH2=CH-) ; δ 6.43 (d, Hy 
J, , = 2.7 Hz). ¡R (КВг): 3090, 3080, 3042, 3015, l64l, 1626, I6O8, 
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928 cm . m/e: 296 (M ) ; accurate mass c a l e , f o r C-.H ,BrO-
296.00ί(8; found 296.0059-
endo-4-Bromo-2-($-methonyOÍnyl)-¿a,43 7, 7a-tetvahydro-4, 7-methanoin-
dene-l,8-dione l,8-bisethylene aaetal 71_ 
Methoxymethy1 t r i phenylphosphonium c h l o r i d e was prepared f o l l o w i n g 
a l i t e r a t u r e p rocedu re 7 5 3 . To ob ta in optimum r e s u l t s c r y s t a l l i z a t i o n 
from a CH-C1.-THF mix ture was requ i red ; the compound was s tored 
i η a d e s s i c a t o r . 
A s t i r r e d suspension o f the phosphonium c h l o r i d e {.2.h g , 7-0 mmol) 
in THF (24 ml) under Ar was t i t r a t e d a t -20 0C w i t h tBuLi u n t i l 
s l i g h t l y y e l l o w ; t h e n , more iBuLi (3·75 m l , 6.0 mmol) was added. 
A f t e r s t i r r i n g f o r 1 h the dark-red s o l u t i o n was cooled t o -78 С 
and 5-5 ml {<2Λ· 1.1 mmol) of i t was added t o a s t i r r e d s o l u t i o n 
of 55 (0.355 g , 1.0 mmol) in THF (1 ml) a t -78 0C under Ar. 
The m i x t u r e was al lowed t o warm up, s t i r r e d f o r a n i g h t a t 20 С 
and worked up by d i l u t i o n w i t h ether (50 ml) f o l l o w e d by e x t r a c t i o n 
w i t h s a t u r a t e d aqueous NaCl (5 ml) and water (2.5 ml p o r t i o n s ) 
t i l l n e u t r a l . A f t e r d r y i n g (MgSO,) and e v a p o r a t i o n of the s o l v e n t 
the m i x t u r e was taken up in a l i t t l e CH.Cl, and separated from 
(Ph),P0 by f l a s h chromatography w i t h s u c t i o n (dry F i o r i s i 1, 
5 g - CH.Cl . , 200 m l ) . A f t e r c r y s t a l l i z a t i o n from ether an a n a l y t i ­
c a l l y pure sample was o b t a i n e d (0.21 g , 55 %) • mp 145-150 C. 
'H NMR ( C D C l J : б 2.55-2.78 (m, H j ; 6 2.87-3-05 (m, H7 ) ; 
δ 3.54 ( s , CH 0 - ) ; δ 3-60-4.30 (m, a c e t a l protons and H ) ; 
δ 5.15-6.85 (m, o l e f i n i c p r o t o n s ) . IR (KBr) : 3060, 3040, 1638 c m " 1 . 
m/e: 282 ( M + ) ; a c c u r a t e mass c a l e , f o r C.-H-gBrO- 382.0416; found 
382.0416. A n a l . c a l e , f o r С H BrO : С, 53-28; H, 5-00; found С, 
53-0; H, 5.0 %. 
16-В ото-Ьъ, 6,9а, 10а, 1ZQ, 14$-hexahyctro-17H-eyolopenta[lZ, 14-е.] 
phenantrene-lj4,17-trione 17-ethylene acetal 73_ 
То a s t i r r e d s o l u t i o n of the v i n y l d ihydroindenone d e r i v a t i v e 
45a (О.28 g, 1.0 mmol) in CH.Cl. (2.5 ml) was g r a d u a l l y added a 
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solution of benzoquinone (0.135 g» 1.25 mmol) in CH.C1. (5 ml). 
After stirring for 15 min the reaction mixture was concentrated 
in vaouo to aa. 1.0 ml and kept for 4-5 days in the dark. Then, 
the remainder of the solvent was evaporated, the reaction mixture 
taken up in benzene and chromatographed over a Bio-Beads S-X12 
column (50 g ) ; fractions were checked by TLC (silica). Evaporation 
of the benzene afforded a yellow oil (0.275 g, 71 %), which became 
solid in time. By cautious crystallization from ethanol an 
analytically pure sample was obtained: dec. above 100 C. 
Ή NMR(CDC1,): & 2.19-2.42 (m, H, , and H, , ) ; δ 2.88-3.33 (m, H r , i Ь,1 b,¿ ь 
H and H ) ; δ 3.54 ( d i s t o r t e d t , Η and Н ^ ) ; δ 3-86-4.36 
(m, aceta l p r o t o n s ) ; δ 5.50-5.79 (m, H , H 1 1 and Н ^ , ^ n = 
10.0 Hz); δ 6.00 ( d , Η J ^ = 2.1 Hz); δ 6.49-6.72 (m, H2 and 
H , J 2 = 10.1 Hz, J = 0.8 Hz). IR ( K B r ) : 3045, 1708, 1683, 
1639 cm 1 . m/e: 388 (M+). A n a l . c a l e , f o r С H ВгО^: C, 58.63; 
H, 4 . 4 0 ; found С, 58.22; H, 4.33 %. 
2-Bromo-3aß,o3 baa, 27αα, Uba, 13a$-hexahydro-l H-inden[bs4-a] 
anthraaene-l,6}ll-trione Ί-ethylene acebal 76_ 
This compound was prepared analogously t o 2 2 from the t r i e n e 
45a (0.28 g, 1.0 mmol) and naphtoquinone (0.166 g , 1.05 mmol). 
The adduct was p u r i f i e d over a Bio-Beads S-X8 column (50 g, benzene) 
t o y i e l d 0.330 g (74 %) of 76. The m a t e r i a l s o l i d i f i e d on s t a n d i n g ; 
dec. above 80 0 C . Ή NMR (CDCl ) : δ 2.20-2.46 (m, H and H ) ; 
δ 2.96-3.79 (m, H. , H, , H,. , H... and H., ) ; δ 3.84-4.36 (m, 3a ba l i a l i b 13a 
acetal p r o t o n s ) ; δ 5.52-5.86 (m, H^, H and H ) ; δ 6.04 ( d , H , 
J 3 , = 2.1 Hz); δ 7.62-8.14 (m, aromatic p r o t o n s ) . IR (KBr) : 
3038, 1702, 1683, 1615, 1600 c m " 1 , m/e: 438 ( M + ) ; accurate mass 
c a l e , f o r С H ВгО^ 438.0467; found 438.0451. 
8-Br>omo-7-oxo-2, Ζα,άα,ΐαα, баа, 6aß,9aß-hexahydro-7H-oyclopent-a Ы 
naphtalene-3ß:,4fi-d-ioarboxylioaeid anhydride 7-ethylene acetal 77_ 
Add i t i on of maleic anhydr ide (0.103 g , 1.05 mmol) to a s o l u t i o n 
of 45a (О.28 g, 1.0 mmol) in acetone (3 ml) a f f o r d e d a f t e r 2 days 
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the adduci 77> which was purified by chromatography over a Bio-Beads 
S-X12 column (50 g, acetone); yield 0.173 g (45%). mp 120-122 0C 
(dec). lH NMR (d6-acetone) : 0 2.40-3.20 (m, ЗЮ ; δ 3-40-3.90 (m, 
4H); δ 3-98-4.22 (m, acetal protons); δ 5-89-6.13 (m, Hj, H and H 6 ) ; 
б 6.31 (d, H., JQ Q a = 2.9 Hz). IR (KBr): 3022, 1843, 1770, 1631 
-1 -' -)+-'a 
cm . m/e: 299 (M -Br) ; accurate mass cale, for С H 0 299.0920; 
found 299.0927. 
8-Bromo-/-oxo-Z, 2,4,4-tetracyano-2,4a, 6aß, 9a&-tetrahydro-7H-
cyalopenta[c]naphtalene 7-ethylsne aaetal 78_ 
To a s o l u t i o n o f the t r i ene 45a (0.28 g , 1.0 mmol) in acetone 
(3 ml) was added TCNE (0.134 g, 1.05 mmol) in acetone (5 m l ) . 
A f t e r p a r t i a l evaporat ion o f the so lvent a wh i te p r e c i p i t a t e was 
formed, which was separated from the reac t i on mix ture by f i l t r a t i o n 
to y i e l d 0.286 g (69 %) o f _78.· The mater ia l thus obta ined was su f -
f i c i e n t l y pure t o be p rope r l y cha rac te r i zed . Attempted c r y s t a l l i -
za t i on of 7^ f a i led owing to i ts very low so lub i 1 ¡ ty in organic 
so lvents a t moderate temperatures and decomposit ion a t a tempera-
ture of «7. 90 0C. 'H NMR (d . -ace tone ) : δ 2.35-2.66 (m, H. , and 
b Ζ , 1 
Η 2 2 ) ; δ 3-30-3-85 (m, Н ^ , H 6 a and H g a) ; δ 3-95-4.25 (m, acetal 
protons); δ 5-79-6.11 (m, H,, H
c
 and H,); δ 6.26 (d, H Q, JQ Q = 
1 ? b. 3 3,99 
2.7 Hz). IR (KBr): ЗОЗО, 2245, 1625 cm . m/e: 331 (M -Br). 
8-Brcmo-7-oxo-2, 4a, 6a, 9a-tetrahydro-7H-oyclopenta [c\ naphtalene-
3,4-Dimethylearboxyïate T-ethylene aaetal 79 
This compound was prepared from 45a (0.28 g, 1.0 mmol) and dimethyl 
acetylenedi carboxy late (0.149 g, 1.05 mmol) analogously to 2Ъ_. The 
adduct was purified over a Bio-Beads S-X12 column (50 g, benzene) 
to yield О.275 g (65 %) of reasonab ly pure _79 as a ye 1 low oil. 
'H NMR (CDC13): δ 2.85-3.83 (ir,t H 2 ,, H 2 2, Н ^ , Н ^ and H g a) ; 
б 3-72 (br s, CH.C0-); δ 3-87-4.40 (m, acetal protons); 
δ 5-48-5.90 (m, H,, H., and H,); δ 6.00 (d, H Q, J. . = 2.5 Hz). 
_] э b
 +
 y У,Уа 
IR (NaCl): 1720cm . m/e: 422 (M ); accurate mass cale, for 
L H Br0 6 «2.0365; found 422.0355-
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ais-4-Вromo-Za, 7a-dihydpoinden-l-one ethylene acetal S2a 
To a stirred solution of the dibromodihydroindenone derivative 51 
(1.00 g, 3.0 mmol) in THF (20 ml) at -78 0C under N was added 
nBuLi (I.97 ml, 3-15 mmol). The mixture was allowed to warm up and 
kept for 15 min at -25 0C. After that period it was cooled to 
-78 C, 0.1 ml of water was added, the mixture was allowed to 
attain 0 С and kept at that temperature for 15 min. Finally, 
20 ml of aqueous sodium bicarbonate solution were added, the 
reaction mixture was extracted with CH.Cl. (3 χ 50 ml), the com­
bined organic layers were dried (MgSO.) and the solvent was eva­
porated. The resulting material (O.8O g) mainly consisted of 52a 
(ca. 65 %, NMR) together with some unreacted starting compound and 
unidentified products. The spectral data of the 52a thus-obtained 
were identical to those of compound 5Ί (ρ· 59)· 
ais-4-Bvomo-Z-Tmthyl-Zaí7a-dihydvoinden-l-one ethylene acetal S2b 
This compound was prepared analogously to 52a from 5^ (1.00 g, 
З.О mmol) in THF (20 ml), nBuLi (1.97 ml, 3.15 mmol) and methyl 
¡odide (Ο.95 ml, 15 mmol). In the resulting crude material (0.85 g) 
ca. 75 % (NMR) of 52a was present. 'H NMR (CDCl ) : δ 2.2k (br s, 
CH 3-); б З.^З (m, H 7 a, J ^ ^ = 10.6 Hz); δ 3-69 (m, Н^) ; 
δ 3.88-4.20 (m, acetal protons); δ 5-80-6.20 (m, Η , Η , Η, and 
Η ). m/e: 268 (Μ +); accurate mass cale, for C-.H.^BrO, 268.0099; 
found 268.0071-
c-ts-4-Bromo-2-trimethylsilyl-3a, 7a-dihydroinden-l-one ethylene 
ace tal S 2c 
This compound was synthesized analogously to 52a. Starting from 
JjJ_ (1.00 g, 3.0 imiol) in THF (20 ml, иВиИ (1.97 ml, 3-15 mmol) 
and trimethylsilyl chloride (1.90 ml, 15 mmol) a reaction mixture 
(O.95 g) was obtained, which contained ca. 75 % (NMR) of 52c. 
lH NMR (CDC13): δ 0.05 (s, (CH^Si-); δ З-З
1
» (m, Н ^ , J
 7 a = 
Ю Л Hz); δ 3-60 (m, Η ); δ 3.85-4.25 (m, acetal protons); 
δ 5-75-6.17 (m, H , H,, H 6 and H ). m/e: 326 (M
+); accurate mass 
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S U M M A R Y 
This t h e s i s deals w i t h the s y n t h e s i s and p r o p e r t i e s 
o f f u n c t i o n a l i zed d ihydro indenone e thy lene a c e t á i s . 
In the i n t r o d u c t o r y chap te r the s y n t h e s i s o f s t r a i n e d 
p o l y c y c l i c molecules i s b r i e f l y r ev iewed . With the 
o b j e c t i v e to s tudy the r e l a t i o n s h i p between the r e a c t i -
v i t y and the s t r a i n f e a t u r e s of these compounds a genera l 
r ou te to cage molecules us ing d ihydro indenone d e r i v a t i v e s 
was designed (scheme 1 ) . 
scheme 1 
Cm 
( Г Ч ^ ф 
In chapter 2 the preparation of the key substrates, 
vis. dihydroindenone ethylene acetáis, is described. 
Although these compounds are rather labile (they easily 
rearrange to the corresponding aromatic i s o m e r s ) , they 
can be prepared in good to excellent yield by a Cope 
rearrangement and subsequent CO extrusion from functio-
nalized methanol'ndenones employing the flash vacuum 
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t h e r m o l y s i s ( F V T ) t e c h n i q u e ( s c h e m e 2 ) . 
s c h e m e 2 
Cope 
•CO 
0 0 
Functi onal i zation of methanol'ndenones is achieved by 
metal-hal ogen exchange of dibromomethanoindenedione 
bisethylene acetal with «BuLi and subsequent treatment 
with electrophi 1ic reagents (scheme 3 ) . The dibromo 
substrate is prepared in a straightforward manner from 
cyclopentanone. Finally, selective hydrolysis of the 
C(l) acetal function affords the precursors for the Cope 
rearrangement reaction. 
scheme 3 
Q 
о 0 
In the appendix of chapter 2 some theoretical 
aspects of FVT are discussed. Also a detailed descrip­
tion of the apparatus and the experimental procedure is 
given. FVT is a technique, which is particularly suited 
for the pyrolytic synthesis of labile compounds, since 
the products remain in the hot zone only for a short 
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t ime and thr; c o n c e n t r a t i o n s are very l o w , a v o i d i n g i n t e r -
m o l e c u l a r r e a c L i o n s and Lhe f o r m a t i o n of secondary 
p r o d u c t s . 
G e n e r a l l y , d i h y d r o i n d e n o n e d e r i v a t i v e s are s y n t h e s i z e d 
at t e m p e r a t u r e s of 425-500 С e m p l o y i n g a c a r r i e r gas 
f l o w ( N 2 ) . 
Chapter 3 deals w i t h the D i e l s - A l d e r r e a c t i o n s 
o f d i h y d r o i n d e n o n e a c e t á i s . The r e a c t i v i t y o f these 
diene systems i s comparable w i t h t h a t o f c y c l o h e x a d i e n e ; 
! 
COOEt 
k/COOEt 
4' 
COOEt MeOOC, COOMe 
Br 
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thus at room temperature only adducts are obtained 
with reactive dienophiles, such as maleic anhydride, 
dimethyl acetylenedicarboxylate, tetracyanoethene and 
nitrosobenzene. Some of these adducts are converted by 
hydrolysis of the acetal function followed by bromina-
tion at C(2) into new photoprecursors for strained cage 
systems (scheme 4 ) . 
Treatment of the parent dihyd.roi ndenone acetal with 
other dienophiles at room temperature; either gave no 
reaction (a-chloroacryIoni tri le ) or aromatization 
occurred (thiocarbonyl compounds). Introduction of an 
electron-donating substituent in the diene moiety 
(CH^S-) gave no significant enhancement of the reacti­
vity. 
Since the scope of this approach to the preparation 
of cage structures is rather limited due to the inherent 
lability of dihydroindenone derivatives the attention 
was directed to the exploration of the chemical proper­
ties of dihydroindenone systems. Particularly, the intro­
duction of an aldehyde moiety at C(4) allows the study 
of selective transformation reactions (scheme 5 ) . 
scheme 5 
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0.^0 
Br 
HO Br 
0. Л 
Br 
The e p o x i d a t i o n r e a c t i o n proceeds by a t t a c k o f the 
e p o x i d i z i n g agent f rom the s t e r i c a l l y l e a s t s h i e l d e d 
s i de. 
The con juga ted t r i e n e ob ta i ned by W i t t i g o l e f i n a t i o n o f 
the d ihydro indenone aldehyde o f f e r s the o p p o r t u n i t y to 
s tudy s e l e c t i v e D i e l s - A l d e r r e a c t i o n s ( e x o c y c l i c vs. 
e n d o c y c l i c ) . I t was found t h a t the r e a c t i o n took p lace 
e x c l u s i v e l y i n an e x o c y c l i c f a s h i o n , thus a f f o r d i n g 
anne la ted p o l y c y c l i c systems which are s t r u c t u r a l l y 
r e l a t e d to "anomalous" s t e r o i d s (scheme 6 ) . 
scheme 6 
Vv. 
t 
However, this reaction is limited to reactive dienophiles. 
Attempts to prepare dihydroindenone derivatives containing 
an activating substituent met with no success. 
Finally, the 2,4-dibromodihydroindenone derivative 
was employed as a substrate in a selective metal-hal ogen 
exchange reaction and subsequent reaction with electro-
philes. The C(2) bromine atom is exclusively exchanged 
for lithium thus ultimately giving access to a variety 
of C(2) functionali zed dihydroindenone derivatives. 
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s c h e m e 7 
г 
О О 
Вг 
1) nBuLi 
2) E * 
О О 
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S A M E N V A T T I N G 
D i t p r o e f s c h r i f t h a n d e l t over de synthese en e i g e n ­
schappen van g e f u n c t i o n a l i s e e r d e d i h y d r o i n d e n o n e t h y l e e n -
a c e t a l e n . In h e t i n l e i d e n d e h o o f d s t u k w o r d t een k o r t 
o v e r z i c h t gegeven van de synthese van gespannen p o l y ­
c y c l i s c h e systemen. Met het doel de r e l a t i e tussen 
r e a k t i v i t e i t en s p a n n i n g s e n e r g i e van deze v e r b i n d i n g e n 
t e onderzoeken werd een algemene r o u t e o n t w o r p e n , d i e 
via d i h y d r o i n d e n o n d e r i v a t e n l e i d t t o t kooi v e r b i n d i n g e n . 
schema 1 
(T^O 
V o 
•&P φ 
In hoofdstuk 2 wordt de bereiding van de sleutel­
verbindingen, de dihydroindenon ethyleenacetalen , be­
schreven. Hoewel deze verbindingen tamelijk instabiel 
zijn (er vindt gemakkelijk een omlegging naar de over­
eenkomstige aromatische isomeren p l a a t s ) , kunnen zij 
toch door gebruik te maken van de flits vacuum thermolyse 
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(FVT) t e c h n i e k i n goede t o t u i t s t e k e n d e o p b r e n g s t worden 
b e r e i d u i t methanoindenonen via een Cope omlegging en 
u i t s t o t i n g van CO (schema 2 ) . 
schema 2 
Cope 
-CO 
0 0 
Gefunctionaliseerde methanoindenonen worden ver­
kregen door metaal-halogeen uitwisseling van dibroom-
methanoindeendion bisethyleenacetaal met nBuLi, gevolgd 
door een reactie met electrofiele reagentia (schema 3 ) . 
De dibroomverbinding wordt op eenvoudige wijze gesyn­
thetiseerd uit cyclopentanon. Selectieve hydrolyse van 
de C(l) acetaai functie geeft tenslotte de uitgangsstof­
fen voor de Cope omlegging. 
schema 3 
Я 
In de aan hoofdstuk 2 toegevoegde appendix wordt 
ingegaan op enkele theoretische aspecten van FVT. Verder 
wordt hierin een gedetailleerde beschrijving van de 
apparatuur en de gevolgde experimentele procedure gegeven. 
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FVT is een t e c h n i e k , d ie b i j z o n d e r g e s c h i k t i s voor de 
p y r o l y t i s c h e synthese van i n s t a b i e l e v e r b i n d i n g e n , 
omdat de gevormde p roduc ten s l e c h t s een k o r t e t i j d i n de 
hete zone v e r b l i j v e n en omdat de c o n c e n t r a t i e s zeer 
laag z i j n , zodat i n t e r m o l e c u l a i re r e a c t i e s en de vorming 
van b i j p r o d u c t e n nagenoeg n i e t o p t r e d e n . 
In het algemeen v i n d t de b e r e i d i n g van d ihyd ro indenon 
d e r i v a t e n p l a a t s b i j 425-500 0C en word t geb ru i k gemaakt 
van een draaggas ( N 2 ) . 
0 0 
COOEt 
V>0CEt 
4' 
COOEt MeOOC, COOMe 
Br 
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Hoofdstuk 3 handelt over de Diels-Alder reakties 
van dihydroindenon acetalen. De reaktiviteit van deze 
dieensystemen is vergelijkbaar met die van cyclohexa-
dieen; bij kamertemperatuur worden alleen adducten met 
reaktieve dienofilen (maleïnezuuranhydride, acetyleendi-
carbonzure dimethyles ter, tetracyanoetheen en nitroso-
benzeen) verkregen. Enkele van deze adducten werden door 
hydrolyse van de acetaalfunctie gevolgd door bromering 
van C(2) omgezet in nieuwe uitgangsstoffen voor gespan-
nen kooisystemen (schema 4 ) . 
Behandel ing bi j kamertemperatuur van de stamverbinding met 
andere dienofielen leidde óf niet tot een reaktie (a-chloor-
acrylonitri 1) óf er vond aromatizering plaats (thiocar-
b o n y l - v e r b i n d i n g e n ) . De reaktiviteit wordt slechts in 
geringe mate vergroot door invoering van een elektro-
nenstuwende substituent (CH 3S-) in het dieen gedeelte. 
Vanwege de inherente instabiliteit van dihydroindenon 
derivaten is de synthese van kooistructuren v i a de 
bovenstaande route slechts beperkt toepasbaar. Om deze 
reden werd de aandacht meer gericht op een verkenning 
van de chemische eigenschappen van dihydroindenon systemen. 
Met name de invoering van een aldehyde-functie op C(4) 
maakt bestudering van selectieve transformatie reakties 
moge!ijk (schema 5 ) . 
Epoxidatie geschiedt door een aanval van het epoxi-
derende reagens vanaf de sterisch minst gehinderde 
zijde. 
Het geconjugeerde trieen, dat werd verkregen door 
Wittig-olefinering van het dihydroindenon aldehyde is 
een geschikt substraat om selectieve Diels-Alder reak-
ties (exocyclisch us. endocyclisch) te bestuderen. 
De toegepaste dienofielen reageren uitsluitend met 
het exocyclische dieen systeem; op deze manier werden 
enkele geanneleerde polycyclische verbindingen bereid, 
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s с hería 5 
НО. Mtp" 
die qua structuur verwant zijn met "anomale" Steroiden 
(schema 6 ) . 
schema 6 
De reaktie bleek echter alleen te verlopen met reaktieve 
dienofielen. De pogingen om meer geactiveerde dihydroin-
denon derivaten te synthetiseren leverde geen resultaat 
op. 
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2,4-Dibroomdihydroindenon ethyleen acetaai vormt 
tenslotte een geschikt substraat voor een selectieve 
metaal-halogeen uitwisselingsreaktie en vervolgens een 
reaktie met elektrofiele reagentia. Uitsluitend het 
C(2)-broom atoom wordt vervangen door lithium; dit geeft 
toegang tot C(2)-gefunktionaliseerde dihydroindenon de-
ri vaten (schema 7 ) . 
schema 7. 
1) nBuLi 
2) E -
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C U R R I C U L U M V I T A E 
De au teu r werd geboren i n Nijmegen op 26 j a n u a r i 
1954. Na het behalen van z i j n Gymnasium-ß d ip loma 
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d i e n s t van de Neder landse O r g a n i s a t i e voor Z u i v e r Weten-
s c h a p p e l i j k Onderzoek (Z.W.O.) onder a u s p i c i ë n van de 
S t i c h t i n g "Sche i kund ig Onderzoek N e d e r l a n d " . 
Onder l e i d i n g van P r o f . D r . B. Zwanenburg en Dr. A . J . H . K lun -
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Ten Horn B.V. te M a a s t r i c h t . 
-177-





STELLINGEN 
1 
Aangezien С. Meloan en V. Meloan de chemische samenstelling 
van de tussen 1-fenyl-2-(diethylamino)ethyl ^-nitrobenzoaat 
en een aantal anorganische anionen gevormde verbindingen niet 
hebben bepaald, zijn de door hen voor deze verbindingen bere­
kende К -waarden onbetrouwbaar. 
CE. Meloan en V.A. Meloan, Anal. Chem. 57_, 391 (1985). 
2 
Het valt te betreuren, dat Jung en Lewis hun bewering, dat de 
door hen gepubliceerde route tot secundaire al kohol en waarde­
vol is in de synthese van polyfunctionele moleculen, niet sta­
ven met enkele voorbeelden. 
M.E. Jung en P.K. Lewisj Synth. Commun. lS_t 213 (1983) 
3 
De door Dietrich et al. gesuggereerde aanwezigheid van Ag-Ag 
interacties in [ Ag, (S2C=C(CN)2),]
 6
"' is onwaarschijnlijk. 
H. Oietvichy W. Storck en G. Manecke, J. Chem. Soa. Chem. 
Commun.
л
 1036, 1982. 
k 
Aan de waarde van de door Farnum et al. verrichte mechanis-
tische studie van de thermische omzetting van trans-ß-[ anti-
9-Ы cyclo [6.1.0] nona- 2, k ,6-tri enyl] acrolefne tosyl hydra zon 
zouten wordt afbreuk gedaan door de primitieve experimentele 
uitvoering van de flits vacuum thermolyses. 
D. G. Famunij M. Ghandij S. Haghu en T. Reitz, J. Org. Chem. 
47, 2598 (1982). 
5 
Door de vele onnauwkeurig- en onduidelijkheden vormt de publi­
catie van Chakrabartl betreffende de spectrofotometrisehe be­
paling van cerium (IV) een slechte bijdrage aan de analytische 
chemie van dit element. 
A.K. Chakrabarti, J. Ind. Chem. Soa. LXII, 541 (1985). 
6 
De instabiliteit van benzyl(triethyl)ammoniurn permanganaat lijkt 
niet zozeer af te hangen van de omgevingstemperatuur als wel 
van het al dan niet aanwezig zijn van sporen water in het pre­
paraat. 
5.P. Leddy, M.A. MoKervey en P. MaSweeney, Tetrahedron Lett., 
2261, 1980. 
J. Graefe en R. Rienäcker, Angew. Chem. 95_, 634 (1983). 
7 
Het feit, dat ultrasone trillingen een positief effect kunnen 
hebben op het verlopen van met name heterogene reakties, im- ' 
pliceert dat vuil glaswerk soms schoner de ultrasonic cleaner 
ingaat dan het er uit komt. 
Ph. Boudjouk, Naahr. Chem. Tech. Lab. П_} 798 (1983). 
8 
Mrs В.: As you have now acquired some elementary notions of 
Natural Philosophy, I am going to propose to you another 
brand of science ... Chemistry. 
Caroline: To confess the truth, Mrs В., I am not disposed to 
form a very favourable idea of chemistry, nor do I expect to 
derive much entertainment from it ... 
Jane Maroet, Conversations on Chemistry, 1805. 
Caroline heeft nog steeds gelijk. 
9 
Een Italiaanse volkswijsheid luidt: "Wijn kan ook van druiven 
worden gemaakt". Gezien de onlangs aan het licht gekomen prak­
tijken bij de produktie van wijn lijkt dit echter in een aan­
tal gevallen wel een minder gebruikelijke bereidingsmethode 
te zijn geworden. 
Piet Ci 11issen Nijmegen, 6 november 1986 



